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INTRODUCTION TO VOLUME II. 



VIFTY years of growth of any art or industry ought to have 
advanced it well on its way to perfection, and well-defined lines 
of theory and practice should result from all the applications and 
experiments made. 

In any single art progress is generally commensurate with the time 
and talent expended upon it ; hut in the composite art of wanning and 
ventilating, involving, as it does, many sciences and half the mechan- 
ical trades, progress lias seemed less certain or definable, and to the 
half critical eye the margin for advance seems far wider than the space 
covered by valuable improvements. 

Although water is the oldest and best agent for use in all heating 
Operations, the least seems to l>e known about its merits and capabilities. 
It appeal's to have been obscured by its own forward and brilliant 
ehild. Steam, and by that vicious starveling. Hot Air, with all its train of 
cheap and dangerous devices. Tine, within the last year or two, quite 
a renewal of interest in water has appeared among the beating frater- 
nity and their customers, and contractors are trimming their sails to 
catch the popular breeze, while the trade journals for the same reason 
are illustrating some old, expensive, and clumsy examples of piping 
for water circulation,— generally for direct radiation, and in countries 
and under conditions not useful or desirable for general application. 

Bo with that other misunderstood and bedraggled science, "ventila- 
tion : " it is tossed about like a l»ill between the physician and the archi- 
tect, as if there were anything in pharmacy, or in the combinations of 
wood and stone, brick and mortar, that should give a man a second sight 
into sciences in winch he cannot, in the very nature of his education and 
employment, have any practical experience. True, the demand for air in 
a private residence or public building cannot be met without the assent 
and intelligent co-operation of the architect; this, unfortunately, is 
sometimes withheld through a lack of appreciation, or through jealousy 
and fear of encroachment on the exclusive control of all details, and 
expenditures which may affect his commission. 

The author, however, has personally nothing to complain of in this 
line, as be has met with many competent and intelligent architects, who 
have done all in their power to secure good ventilation. 
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Heat: Its Science, Production, and Application 



It is a lamentable fact, however, that owners and architects do not, 
as a general thing, give the subject of ventilation the consideration that 
it requires ; no allowance for space or provisions for flues are made. 
Thus, when the ventilating engineer is called in, he is forced to locate 
the apparatus as best he can, but not always as he would like to have it. 
In many cases he goes to the trouble and expense of surveying the 
premises and making plans to heat and ventilate, or to ventilate 
only parts of the building, soon to be told, "You can't put a shaft 
there," or, " That would spoil the room," etc., etc., etc. Is it to be 
wondered at, that sometimes men who have devoted the best years of 
their lives to the study of ventilation, who are thoroughly conversant 
with their business, Income disgusted when subjected to such treat- 
ment, and that by men who know but little about the subject of 
ventilation? 

The author recalls but two works treating the sciences of heat and 
ventilation in their natural order, from the burning of fuel and tracing 
of its effects upon water and air, which in turn became the mediums of 
heat and ventilation. 

The American writings of Briggs, Billings, Baldwin, and Butler 
contain the important and essential facts relating to the general appli- 
cation of what may be termed the American practice of warming and 
ventilation ; while the works of Hood, Box, Williams, Clark, Tomlinson, 
and Schuman illustrate the English methods and ideas, going into the 
details of scientific research, and furnishing many valuable and prac- 
tical tables. Yet these last, being mainly in the language of the college, 
and employing many figures and formulas, render the study of prin- 
ciples and application of them difficult, not only to the reader of ordin- 
ary attainments, the manufacturer and builder, but almost impossible to 
that other and larger class, who, while being the " hewers of wood and 
drawers of water," are often the inventors of new machines and methods 
for improving the very conditions laid down by theorists and writers. 

Having received much benefit from the study of these able engineers 
and writers, it ill becomes the author to depreciate the works and labors 
of those who, with far better abilities, have contributed to this library of 
useful information. As, however, no inventor can do useful work with- 
out a thorough knowledge of the art he would improve, he may be 
exempt from the charge of egotism should he review and even criticise 
what he considers wanting or defective in the theory or practice of 
those who, while aiming to instruct others, may also lead them astray. 

Seeing the magnitude of the interests involved and the little practical 
knowledge available for the understanding of them, the author has 
devoted much time and money, in the way of experiments, to unravel 
the mysteries of sensible, latent, radiant, and conducted heat. 
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The writer's experiments on boilers and radiators were marie from 
time to time during the last fifteen years, occupied as inventor and 
contractor for warming and ventilating plants in the United States and 
the Provinces. They were firsi, made for his own education and benefit, 
and later in the interest nf individuals and companies who desired 
practical information on particular point! of construction or operation ; 
they may thus be considered, as they are pledged to be, entirely 
impartial. 

Recognizing that to lie of value to himself or others, experiments 
must be accurately made, the writer has availed himself of the most 
approved methods and the best instruments the market afforded, while 
time and labor have been no consideration, provided reliable and original 
facte could be obtained. At the same time it should be seen that the 
teste were comparative, and not exhaustive, or intended to raise or 
depreciate the value of the machines tested. 

Doubtless there will be more or less "testing," to verify the statements 
and conclusions here drawn, in the interests of certain goods which did 
not give the results claimed for them. 

It is in evidence that little satisfaction will result unless experiments 
are conducted on a more practical basis; that some persons may not, 
even after all the proof offered, be "convinced against their w'tW" and 
interest, and admit that their particular devices are not constructed on 
sound principles, or that there are sciences involved which they do not 
understand. 

Having before stated that the author does not attempt to teach 
science to scientists, or philosophy to philosophers, he will not expect to 
stand on the defensive from the fire of critics or others who, having 
done little or nothing themselves to increase the stores of practical 
knowledge, object on principle to seeing it done by methods unfamiliar 
to them, ox that have not been approved by some favorite authority. At 
the same time, having undertaken to show the relation of the sciences 
to the successful work of invention, construction, and application of 
heating apparatus, he does not fear a candid review of his methods and 
sonelmuena. 

It was explained in the introduction to the first volume, that it was 
not the author's original intention to extend his work beyond three or 
four hundred pages, but that later it became evident it could not In? 
stopped at any such limit, without cramping the whole plan and leaving 
out altogether many important matters and interests. 

That any connected and worthy review of the applications of heat 
to buildings would require at least an equal space, was discovered, and 



this accounts for the second volume, and also for the delay incurred in 
the prejMiration and appearance of the work. 

After deciding to bind in two volumes, it was not found easy to change 
all the numl>ers on the pages that were plated, and the references to 
these, and to lx*gin the second volume at page 1, but to allow the num- 
bers to continue in successive order. Thus Volume I. practically closes 
at page 302, and Volume II. begins at page 303, without taking account 
of the extra pages following, and a part of Volume I., or the introductory 
pages, contents, etc., of Volume II. 

In all references to heat in the following pages, whether of boilers, 
radiators, or spaces treated, the subject is reduced and referred to the 
British thermal unit, or standard of work, which is, tlie raising of one 
pound of water one decree Fahrenheit, in which connection it may be 
well to rememl>er that one pound of good coal (hard or soft) has fourteen 
thousand such heat units when burned under the proper conditions, as 
set forth in the chapters on combustion, and that, under the general 
arrangement of heating apparatus, only seven or eight thousand units t* 
realized, while ten to twelve thousand is possible and attained in practice, 
as shown by reports of engineers. 

The unit of work employed is the foot-pound, or the energy required to 
raise one pound weight against the resistance of gravitation one foot high. 

The same amount of energy expended will give one pound of matter 
(at rest) a velocity of about eight feet per second, the force in this case 
overcoming the resistance of inertia instead of gravitation. 

In the flow of gases, one foot-pound is equivalent to the discharge of 
one cubic foot against an opposing pressure of one pound per square 
foot, or 1-144 pounds per square inch. 

As heat is a form of motion, energy is required to raise the tempera- 
ture of matter, one unit of heat being equivalent to about 776 foot- 
pounds. 

A man of ordinary strength can exert a force of 30 pounds, with a 
velocity of 2.2 feet per second = 4,500 pounds raised one foot in a min- 
ute, which is equal to .2 of the work of a horse. In working a pump, 
turning a winch, and in rowing a boat, the effective powers of a man are 
as the numbers 100, 167, 227, 248. 

A horse-power is equivalent to the performance of 33,000 foot-pounds 
of work per minute. Later estimate, 22,500 pounds (=to 5 men). 
— HaswelL 
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ERRATA. 
On the following page, 303, line 12, for 20,000 to 30,000 heat unite, read 2,000 to 3,000. 
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: THE TRANSMISSION OF HEAT 



RADIATORS. S;| 

PART IV. 

ASSING on in the regular order of evolution from fuels, eom!>u»- 

ti-i}i,furhiir,-n, rteam tji'iterator*. and water heater*, we I'lilir on a 

new and different field of inquiry, and one culling for finer lines 

and distinction*, due principally to the less differences in the 

factors entering into our calculations. 

We have, been dealing with temperatures of combustion in the 
lurnaccs nf from 500° to 1,500°, and with absorbing surfaces of from 
200° to 400". We have now to consider temperatures of lower degrees 
— of those of steam and boiling water in the radiators, Bay from 100° 
to 'J'>0 D , and thai oi the surrounding air at 0° to 70". 

One square font of surfaces in the lioiler will receive and transmit 
20,000 tn 30,000 heat units per hoar, while one foot of direct initiator is 
limited to about 300 ; and it is in these proportions that they an 
employed as heat transmitters, To 100 East of boiler we have about 
l.nnii fri'i nf radiators, or for economical work, 000 to 700. 

It might be inferred that the author would be more at home in the 
following chapter on radiation, the heating and cooling of air, and the 
transmission of heat by steam and water circulation, than in some of the 
deeper sciences involved in oombnation, the solid and liquid fuels. 

It should lie remembered, however, that, while he docs not pose ;is ,i 
theoretical teacher of the sciences, that the sciences are really the key bo 
any explanation of the phenomena attending heat, and that we most 
iMiitinmllv lean on them, and on those writers who by birth and 
education arc the best expounders and teachers of the sciences involved. 

Of the several writers on the subject of heat, its generation and appli- 
calinn to buildings, none have been so clear and helpful as Charles 

Hood," and I judge that he has been equally good meat for a score of 

later writers, only they do not always do justice, and credit htm with 

ihe material which they bodily cany away. 

Another writer has much in his " box " f that is of great assistance 
to the student and the engineer; it was from his treatment of venti- 

• The WumUuR urn) Ventilation of injildi»£i, UN. t Tlnw. »«, Treatise on Heat. 1B7G. 
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lation by mechanical means, that the writer drew his inspiration, so to 
sj>eak, for the lines of his fan. 

There have l>een later writers, and those who lav claim to both a 
theoretical and pmctical knowledge of construction in the line of 
l>oilers and radiators; yet they do not prove as satisfactory teachers, 
not l>eing as practical, or going far enough into the "reasons " for any 
construction or theories thev advocate. 

Before entering upon radiators, their practical construction and 
operation, it seems desirable to consider certain fundamental laws which 
underlie all this class of heating operations, and furnish a key, as it 
were, with which to unlock the tables and diagrams, in which are con- 
densed the combined results of extensive and practical experiments. 

By these it will Ik* seen that we have sj Mired no lalx)r or exj>eiise to 
fully bring out the hidden and latent facts of exjK'rimental research.* 

t LAWS AND PHENOMENA OF HEAT. 

However various are the methods bv which artificial heat is dLs- 
tributed in the wanning of buildings, they are all reducible to certain 
rules, which constitute the primary laws of heat. These laws are very 
numerous, and some of them extremely complicated ; but they i>ossess 
a very high degree of philosophic interest. They are far too extensive, 
however, to allow in this work even a bare outline of the various 
phenomena to l>e given, which this branch of science exhibits. But 
in the present chapter, such of the laws of heat as relate to the subject 
more immediately before us shall l>e styted, in order to afford a more 
immediate and ready reference for those who wish to study the scientific 
principles of warming buildings by artificial heat. (See also diagrams 
New. 17 and 18.) 

There are four distinct properties of heat, which all l>odies possess 
in a greater or less degree, which we shall iirst consider. These are 
radiation, absorption, conduction, and reflection. 

Heated Inxlies give off their caloric by two distinct modes — radia- 
tion and conduction. These are governed by different laws, but the 
rate of cooling by l>oth methods increases considerably in proportion as 
the heated l>ody is of greater temperature than the surrounding medium. 

This variation was long supposed to l>e exactly proportional to the 
simple ratio of the excess of heat; that is to say, supposing anv 
quantity of heat given off in a given time at a specified difference of 
temperature, at double that difference, twice the quantity of heat 

* These mav bo summarized as follows : — 

Ten cuts, direct radiating constructions. 

Seven cuts, indirect radiating construction and appliances. 

Eleven tables and diagrams illustrating conditions and results. 
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The Wahmivg ami Ventilation of Buildings. 

would lie given nfl' in the same time. This law was originally proposed 
by Newton, in tin.- Prineipitt; and. although rejected as erroneous bj 
some philosophers, ii eras followed by Uicluuan, Kraft, Daltau, Leslie, 
and many others, and was usually considered in 1»' nearly accurate until 
the masterly and elaborate experiments of Petal and Dulong proved 
that, although approximately oorreol ton low temperatures, it becomes 
extremely inaccurate for the higher degrees of heat 

Heat may be Bondosted from any source to any material object, in 
oontact with it, whether solid, liquid, or gaseous. 

When the generation of heat is continuous, there a a constant flow 

initwiiiiU ami across the surfaces .if the generator, which is maintained 
at a higher temperature than the bodies to which it contributes. 

A hot body immersed in a gaseous medium, as the air, which com- 
pletely envelopes it, in continually communicating its heat; the heat 
received makes the layer of air next to the surface lighter; this rises and 
gives place to air at a cooler temperature, thus establishing a nunm. 
This mode of the transfer of heat from a si>iid to a liquid is called 
eonmHitm, and is one of the most important factors in the transmission 
of heat for purposes of wanning and ventilation. 

The quantity of heat that is dispersed in this manner to the air is 
dependant mi the area of the surface exposed to the cooling influences, 
and the temperature at which this surface is maintained, The condi- 
tions within the body are entirely immaterial, except as they permit or 
hinder the free flow of heat to maintain the surface temperature. 

Thus the agent within the radiator may communicate its heat to the 
Surface "I the vessel containing it either by simple conduction, as in the 
case of hot water, or by the liberation of latent heat on the inside surface 
of the metal by the mmdttuatum tftteam ; the transfer of heat from the 
radiator to die air and other objects will not differ in either ease, 

provided the c Utaona of the BXterior surface are the same. In 

aocord e with these principles, heating surface is usually estimated 

and sold by the square foot of external surface. 

It may lw Stated that radiant heat is instantaneously transmitted 
through the air independently of any atmospheric currents intervening, 
and without sensibly warming the air. Therefore, in Ordinary cases, air 

and gases cannot be warmed dircctljt by radiant heat, except as they 

take up the heat by contact with solid bodies by which it has been 
already absorbed. 

When the thickness of the air or gas is very i/reat, it is evident thai 
the air absorbs some of the heat that passes through it. This is.slmwn in 
the ease of the sun's rays, whose intensity is diminished at sunrise and 
sunset, when they pass by their oblique course through a layer of air 
Kven hi/mlwtl ami t/r,'),t</-tir? mile* thick, nearly 14.5 times as great as 
when the sun is at the zenith. 
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The cooling of a heated laxly under the ordinary circumstances is 
evidently by the combined results of radiation and conduction. 

The conductive power of the air is principally owing to the extreme 
mobility of its particles, for otherwise it is one of the worst conductors 
we are acquainted with ; so that, when confined in such a manner as to 
prevent its freedom of motion, it is a most useful non-conductor. 

The proportions that radiation and conduction bear to each other 
have, in general, been very erroneously estimated. Count Rumford 
considered the united effect, compared with radiation alone, was as five 
to three, and Franklin supposed it was five to two. 

No such general law, however, can be deduced, for the relative 
proportions vary with the temperature and with the peculiar substance 
or surface of the heated body. For while the cooling effect of air by 
conduction is the same in all substances and in all states of the surface 
of such substances, radiation varies materially, according to the nature 
of the surface. 

To show the relative velocities of cooling at different temperatures, 
the following table, constructed from the experiments of Petit and 
Dulong, is given. The first column shows the excess of temperature of 
the heated body above the surrounding air (at 32°) ; the second column 
shows the rate of cooling of a thermometer with plain bulb; and the 
third column gives the rate of cooling when the bulb was covered with 
silver leaf (thus suppressing the radiation) ; the fourth column shows 
the cooling due to the air alone ; and, by deducting this from the 
second and third columns respectively, we shall find what is the amount 
of radiation under the two different states of the surface, noticed at the 

top of the columns. 

TABLE No. 9*. — The Velocities of Cooling. 




A.— Excess of Temp. 

of the Thermometer 

above that of the Air. 

Fahrenheit Scale. 

408° 

432 

390 

3(K) 

324 

288 

252 

210 

180 

144 

108 

72 

36 

18 



Total Velocity Total Velocity of 

of Cooling of the Cooling of Bull* covered 



naked Bulb. 



with Silver leaf. 



Amount of Cooling 
due to Conduction of 
the Air alone. 



24.42 

21.12 

17.92 

15.30 

13.04 

10.70 

8.75 

(5.82 

5.57 

4.15 

2.80 

1.74 

. t i 

.37 



10.1)0 

9.82 

8.59 

7.57 

(5.57 

5.59 

4.01 

3.80 

3.00 

2.32 

1.00 

.90 

.42 

.19 



8.10 

7.41 

6.61 

5.02 

5.19 

4.50 

3.73 

3.11 

2.53 

1.93 

1.33 

.80 

.34 

.14 




Some very remarkable effects may be observed by an inspection of the above 
table. It appears that the ratio of heat lost by contact of the air alone is constant at 
all temperatures; that is, whatever is the ratio between 40° and 80°, for instance, is 
also the ratio between 80° and 160° or between 100° and 200°. 
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Another remarkable law is, that the Cooling effect of air is the 
same for the like excess of heat on all bodies, without regard to tin- par- 
ticular state or nature of their surface,* 

By comparing tlie second ami third columns of tin- preceding table, 
it will be i in mediately perceived that the hiss of heat by radiation 
(deducting the cooling by conduction to the air, given in the fourth 
column) varies greatly with tin- nature of the radiating surface; though. 

whatever be the nature of the surface, the loss of heat follows the m i 

law in all cases, though injt different ratio. 

It should be observed that in table A the second, third, and fourth 
columns show the number of degrees of beat which Mere lost per 
minute by the body which was the subject of the experiment, and there- 
fore these numbers represent the velocity of cooling, 

Winn the ntunben in the last column are deducted from those in 
the second and third columns, the difference will show Vu t"»* /'•/ 
radiation for the plain and silvered bulbs respectively j the fourth column 
being tin: Ion by conduction to the air, which is the same for all 
surfaces. It will immediately be perceived, therefore, th.it the losses df 
lieat by conduction and by radiation bear no constant ratio in each 
other, But while conduction proceeds by a tegular geometrical pro- 
gression, radiation follows another law. 

It will likewise appear that, when we compare the total coaling of 
tun surfaces, the law is more rapid at low temperatures, and less rapid 
at high temperatures, for the Imdy that radiates the least, in comparison 
with that which ladiates with greater power. 

But the cooling of a Imdy by conduction of the air differs from the 
effect by radiation in a remarkable manner, in this particular — that, 
while the ratio of loss by conduction continues the same for the same 
excess of temperature, whatever bo the temperatures of the air and the 
heated body, radiation increases in velocity, for a like excess of tempera- 
ture, when the temperatures of the air and heated body increase. 

To revert to table B, we find the total cooling at 108° and 216° (of 
Fahrenheit) to be about as 3 to T ; at 108° and 292° as 3 to 13 ; and at 
108° and 432° as 3 to 21 ; whereas, according to the old theory of New- 
ton, they should have been respectively as 3 to 6 ; as 3 to £1 ; and as 3 
to 12. But we find that the deviation increases greatly with the in- 
crease in temperature, and that when the excess of temperature of the 
heated body above the surrounding air is as high as 432° Falir., the real 
velocity of cooling is nearly double what it would appear to be by the 
old and imperfect theory. 
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The following table shows the velocity of cooling by radiation for 
the same body at different temperatures. 

It will be observed in this table tliat, when the absolute tempera- 
tures of the surrounding medium and radiating body are increased 
45° Fahr., the difference between their temperatures remaining the 
same, the velocity of cooling is multiplied by 1.165, which is the mean 
of all the ratios in the table experimentally determined. 



t 

B.— Excess of 


Velocity of Cooling when the surrounding medium is at the under-mcn- 




tioneu Temperatures (Fahr.) 


Temperature of the 
Thermometer. 






32* 


C8° | 104° ' 140» 


390° 


8.81 


10.41 | 11.98 




360 


7.40 


8.58 i 10.01 


11.64 


324 


6.10 


7.04 8.20 


9.55 


288 


4.81) 


5.67 


6.61 


7.68 


252 


3.88 


4.57 


5.32 


6.14 


216 


3.02 


3.56 4.15 


4.84 , 


180 


2.30 


2.74 | 3.16 j 3.68 j 




But radiant heat is subject to other laws l>esides those we have yet 
considered. Kays of heat diverge in straight lines from every part of a 
heated surface, and likewise from extremely minute depths below the 
surface of hot bodies, being subject to the laws of refraction the same 
as light. The intensity of these rays decreases as the square of the dis- 
tance, and the emission of rays is greatest in a line perpendicular to the 
surface. The same law obtains here also as in the case of light — that 
the effect of the ray is as the sine of the angle which it forms with the 
surface from which it emanates. 

This law of sines, first discovered experimentally by Leslie, suggests 
a practical caution connected with the subject before us ; namely, that the 
shape of the pipes used to warm a building is not wholly unimportant ; 
for if flat pipes be used, and they be laid horizontally, the major part of 
the radiated heat from the upper surface will be received on the ceiling, 
and therefore will produce but little beneficial effect. The loss sus- 
tained in this way will l)e greater in proportion to the higher tempera- 
ture of the pipes ; for it will l>e seen by the table at the l>eginning of 
this chapter that the relative proportion which radiation hears to con- 
duction increases with the temperature ; at the ordinary temperature of 
hot-water pipes, al>out one half of the total cooling is due to radiation.* 

It is very generally supposed that color has a considerable influence 
on radiant heat, and also upon the absorption of heat, the two effects 
being similar and equal. Sir Humphry Davy, by exposing surfaces of 
different colors to the heat of the sun, proved experimentally that the 
absorbing power of different colors was in this order: black, blue, green, 

♦Note. — The radiation of boat, we have already seen, is very greatly increased 
or diminished according to the state of the surface of the radiating body. See 
table Xo. 8J. 
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red, yellow, and white; black being the liest and white the worst 
absorbent. In this order, then, we should expect to And tbe radiating 
powers of different colors, and ihat by painting a body a black color we 
should increase its powers of radiation. This, however, is not the case; 
and there are tbe strongest reasons for supposing that the absorption 
and radiation of rimpU heat — thai \a,heat without tight, or heal from 
bodies below luminosity — arc wholly irrespective of color, and depend 
upon tbe nature of the surface. 

By comparing the results given (by Leslie), it will appear that the 
radiation of heat bears no relation to oolor when the radiating body 
is below the temperature of boiling water. By this it also appears 
that lamp-black and white paper arc nearly equal in power; while 
India ink is much less, and black lead still lower in the Scale : though as 
Eat as color is concerned these last are nearly the same as hunp-blaok. 
Professor Powell considers, as also did Leslie, that softness may tend to 
increase tin: radiation of simple beat; and tbe former found thai .< ther- 
mometer bulb coated with a paste of chalk was affected by this kind of 
heat, that is, by bent, below Luminosity, even more than a similar one 
coated with India ink; but the same result does nut occur in luminous 
jmt. bodies- Professor Bache has likewise mode an extensive series of 
experiments on this subject which confirm (bis result. 

•For ordinary lenipcial nn-s of absorbing surfaces. Say M'' to IV , and small differ- 
ence)! between tbe surface ami the walls, say 30", we may admit that tlie loss of neat 
is simply proportional to that difference; hut for high temperature* of the surface 
and great differences between the temperature of absorbent, anil radiator, the loss of 
heat is much greater following a complicated law, for which Dalong has given a ruin 
that agrees well with experiment up to a very high temperature. 

The radiation of heat is not affected by tbe form of the radiating b-idy. A cube, 
a sphere, a cylinder, etc., will radial, the nan if amount of heat for eipial areas under 
the same conditions, *o tony tin the hody is not of a form lo rwKaH '•■ and frVM it"[f. 
(See diagrams Nos, IT and 18.) 

The radiation of heat is not affected by the distance of the absorbent. Thus, if 
the spare traversed were a vacuum, it would he quits immaterial whether the walls 
were inches or miles distant from the radiating surface; the raysof heat would travel 
on until they were absorbed hv the cold body that bail attracted them. Thus the hent 
that we receive from the sua is radiaot beat that has traveled ninety-live million!, ot 
miles through space. 

Italian t heat bus the remarkable property of passing through moil. rata thick- 
nesses of air or gas without appreciable loss, or beating the air sensibly ; .-■■ //or.' ;,. 
HiKSISJi caws we »""j admit Unit air anil g<t**l i-ummt '"■ Seated directly hy radios) 
/.(((', hut ■uilii by i-i.„!,,rl teith /ifiitrii hrjitirit. With very great thicknesses, however. 
such as several miles, tbe loss of heat becomes manifest, as is shown by the 
diminished power of the sun at and near its rising and setting, when its rays, passing 
very obliipiely through the atmosphere, traverse a much theater thickness of air than 
at midday. 

The loss of heat by contact of cobl air is independent of the nature of the surface, 
so ihat cast iron, stone, wood, etc., ete., would lose tbe same amount of heal, under 
the same conditions of temperature; hut the /orW •■<' Me &'••>!/ a.fecfs the result con- 
gtStntblf. M that a plane, a where, and a cylinder mill low different amount* of heat 
pernitian-fuot in the tamt. time. 
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Tlie experiment* of Leslie proved that radiation proceed*, not only 
from the surface of lKKlies, hut also from small depths below their 
surfaces; and therefore the thickness of the coating of any good radiat- 
ing sulxstance materially affects the results. 

We are fully justified, then, by these and analogous experiments, 
in drawing the conclusion that the radiation of simple heat is not 
influenced by the color of the heated body. 

The effect of roughness of the surface was illustrated by Sir J. 
Leslie, and he found that either tarnished surfaces, or such as are 
roughened by emery, by the file, or by drawing streaks and lines with 
a graving tool, always had their power of radiation considerably 
increased. 

The accuracy of this deduction had not been questioned until some 
recent experiments of M. Melloni, by which it has lieen ascertained 
that this increased effect from roughened surfaces is not a general law, 
but is only a particular result, for which another explanation must be 
sought. M. Melloni experimented with four plates of silver, two of 
which, when cast, were left in their natural state without hammering, 
and the other two were planished to a high degree under the hammer. 
All the plates were then finely polished with pumice stone and char- 
coal ; but, after this, one of each of the pail's of plates was roughened 
by rubbing with coai*se emery paper in one direction. 

The quantity of heat radiated from these plates was as follows: — 

Hammered and polished plate 10 

Hammered and roughened plate 18 

Cast and polished plate 13.7 

Cast and roughened plate 11.3 

In comparing these effects, it appeared that the hard hammered plate 
increased in radiating power four fifths by rouijheniny its surface, while 
the soft cast plate lost nearly one fifth of its power by the same process. 
M. Melloni therefore draws the conclusion that the roughness of the 
surface merely acts by altering the superficial density, and that this 
will vary according as the body is of a greater or less density previous 
to the alteration in its surface by roughening. 

It was deduced from experiments by Leslie that the absorptive power 
of Inxlies for heat was nearly proportional to the radiating power; and 
Dr. Ritchie has since proved that these effects are precisely equal to 
each other. 

It has also been established by the experiments of MM. Melloni and 
Nobili that the radiating powers of surfaces for simple heat are in the 
inverse order of their conducting powers. 
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We might be led to eonelude, frimi all that prceeiles. t Itjii thoM 

iii'-ials which arf the ironri conductors would if ihc most proper tor 
vessels or pipes for radiating heat; because we find that heat, loal by 
contact with the air, is the same for nil bodies, while those which 
radiate most or are the worst conductors give on! more heat in the 
same I inn- than those bodies which radiate leaal m are good oonduotora, 
Sneli wnuhl 1h! the cane, if the vessel- were infinitely thin; but, as 
this is i mi possible, tlii' slow conducting power oi the metal opposes an 
insuperable obstacle to the rapid cooling of any liquid contained within 
it- by preventing the exterior surface from reaching to high i teinneta- 
tore as wmihl that •<( a move perfectly conducting metal tinder similar. 
circumstances, thus preventing the loss of heat, both by contact •>( tin' 
air ami radiation, the effeet being proportional to the excess of heat of 
the exterior surface nf the heated body. 

SPECIFIC HEAT. 

Different bodies require very different quantities of heat to effect in tliem the 
same change of temperature. The capacity of a body for heat is called its specific 
heat, anil may lie defined as the number of units of heat necessary to raise the 
temperature -if one pound of that body ]° Kahr. Table No. 8^,(111 gives it, value 
for most of the solid and liquid bodies met in practice, and also for the most com- 
mon gases, and shows that it is very variable. For instance, mercury requires 
only about one thirtieth of the heat necessary for the same weight of water. This 
table illustrates the important fact that of all substance! water ha* the greatent 
aptc\tl<; heat; that in to say, it abwirlm more heat, ill tenrmimj, and given cut more In 
rooting through a gicen range of t- nipertititri' Uinn an r/jual weight of any other 
tubstance. '['In' quantity of heat which raises a pound of water from 33° to 212° 
Fabr. would suffice to raise a pound of iron from ;I2° to about l,iiSO° Falir. ; that is, 
to a red heat; and, conversely, a pound of water cooling from 212° to ;i2° gives 
out as much beat as a pound of iron m cooling fmin l,r>s\r' to :;2°. It will be further 
noticed, on examination of this tabic, that the specific heat of the metals is very 
small, indicating that a very small amount of heat is required to raise their 
temperature. 

When the specillc heat of a body and also its weight is known (Table 8} A), it 
is easy to compute how many units of heat are required to raise the temperature any 
number of degrees. For instance, ten poundB of iron are raised 100° in tempera- 
ture, and the specific heat of iron is ,114. To raise ten pounds of iron 1° would 
require 1.14 units of beat ; 100° would require 114 units. 

The above property of water is utilized wherever it is desired to store large 
quantities of heat, without increasing the temperature or tension of the heat in the 
body, and thus causing its rapid dissipation (the loss hy conduction and radiation 
increasing with Hie temperature). 

An example on a large scale is furnished by nature in the ocean current flowing 
from the Qui! of Mexico northward along the Atlantic coast, and from thence across 
to Kugland. A great amount of heat absorbed in the tropics is retained throughout 
the whole couth at tin- stream, and larvai to modify Ho- uliatata ot the British bit* 
ami the eastern States of America. 

The following table, No, 8ji, \, B, I . and I>. is taken front Box, with 
pfighJ changes. Table No. i 1 and diagram No. Hi are arranged to fur- 
Hrw illustrate the transfer of heat by contact of air anil radiation. 
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T ABLE No. 8j . 

weight of materials and their relative powers of 
absorbing: and transmitting heat. 



'3-59° ,°47-3 ; 

11.352 I707.S 

Ms S47.S ' 

8.670 540.3 I 

8.607 5J6-4 

8-393 3*3-' ! 

7.788 4853 

7.39' 4544 

7.F90 448.1 

7.0S7 44 1. ft 

6.8G1 4.-7.6 

2.S35 '76.7 



ss 



t-546 1 
'■3'3 



■93 57.96 

■Si 3 50-67 

-9 '53 57-"4 

.777 4842 

.588 36.65 

.560 34.9 

.483 30.1 

■3S3 '« 



'4 34 

19 5 J 
13.15 

27.37 
3595 
jS.65 



J*ad, ' * 
Copper, sheet, . 
! Gun Metal, cast, 

Braw, cast, . . 
Wrought Iron, . 

Zinc, shed, . . 
Cast Iron, mean, 
Zinc, cast, . . 
Slate, .... 

Sandstone, . . 
Brick 

Coal, mean. . . 
Water, distilled. 
Ia«3*>. - - 

Alcohol, . . . 
Oil, olive, . . 
Oak, seasoned, 
I'.lm. seasoned, 

Mahogany, Kjsuiin!, 
Tiiii, vi:lk.w, seasoned, 

Cork! B . JS . . . . .' 



(C) Radiating and Absorbing Power 

[.ill nf Heal per Sq. Ft. iwr. Hour lor >' niff 
in. between Kjniitor and Kcctiwr. (Ilni. P K . >»J 

p Silver, polished .03 

I 'oppci", polished 

Tin, ij.-.rlislied 

Zinc and Hra.ss. polished. . . . 
> Tinned Iron, polished, .... 

Iron, shed, polished 

Lead, sheet 

Itou, shell, ruilinary 

Class 

Cast Iron, new, 

Chalk 

Cast and Sheet Iron, rusted, . . 

Wood Sawdust, fine, 

Building Stone, Plaster, Wood, Brick, 

I Sand, fine, 

I Calico, 

I Woolen Stuffs, anv color 

Silk Stuffs, Oil Paint 

Paper, any color 

Lamp-black - . 

Wafer 



KAKTHS, Etc. 



Coal, . . . 

Marble, . . 

Chalk, . . 

Sulphur, . . 

Coke, . . . 

Class, . . 
Burnt Clay.. 



LIQUIDS. 

Alcohol, sp. gr. .793, . . 
Ilthcr, sulphuric, . . . 
Oil of Turpentine, - - 
Petroleum 



Oak 

Birch 

vJASKS AT C0H8TAOT PRESSURE. 



.570 
-480 



(.undue ting Power 

(it per Sq. Kl. r*r Hour per Deg. niff. ii 
f.iL-«<.f 1'i.xr , fn.T!.. t k. ay ,.,. )!,-., , 



M.it!ili-, ti.iv. Iiir -grained, . . 
Marble, white, coarse-grained, 



.i.k.Ul 






Haked Clav, brick-work 

Plaster, ordinary, 

« Mk.transm'sion perpendicular to fibres, 
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UK foregoing end brief resume of some of the Laws of beat u oou- 
lined, as seen, to the matter of the transfer of heat from hot 
bodies and materials, as iron and other metals employed in radi- 
ators to worm minus, and to the method by which such surfaces 
surrender this internally supplied heat to iln' air and solid objects, the 

Mails, etc. 

The authorities cited are numerous, their method of deducing tlie 
facta illustrated, while the successive steps, so clearly shown bj the 
tables, leave no doubt that their conclusions as to the functions <>f heat- 
tug and radiating surfaces are correct. 

As, however, tliis mattsr of the passage of beat from warm pipe 
surfaces to cooler ones is of the first moment when we begin later 
in oouHider the construction of radiators, we Introduced a carefully 

prepared table from the formulas as given by Box and II 1 and 

Peclat, showing the suture operation of heal transfer for all the ranges 
of temperatures employed in heating, and for sixes of pipes and tubes of 
one inch to six inches in diameter, also diagram No. 16, graphically illus- 
trating the two methods by which heat is surrendered lw>ih by pipe 
surfaces and also by radiators- 
See also following diagrams Nos. IT and 18. 

The especial use of this table and diagrams will In.- seen later, when we 
again lake op the subject of radiant beat in connection with the o6r> 
Btruotioo of radiators and oilier beating surfaces. 

Than will be noticed a slight difference between the figures in the 
table and those shown on diagram No. Hi; this is due to the fact 
that in the table the air is taken at TO" and walls of the room at fiO" 
(our average healing condition), while ill the diagram the figures are 
for both walls and air at 60°, and thus the total beat is ■' little greater 
(ban in the table. Attention is drawn to the fact that each me nf pipe 
has a duly pertaining to its size, which decreases as the pipe increases 
in diameter; also, that should two lines lie placed near each other and 
tested at the same time, the combined effect would be less, and would 
continue to decrease as the number of lines became greater. 
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The heat by contact of the air* unlike that by radiation, is influenced 
by the form of the surface, which affects its access to the cooler air, and 
unobstructed passage of the air when heated. Thus in diagram No. 16, 
the radiatian (indicated by the color red) is the same for pipes one, two, 
three, four, five, and six inches in diameter ; the heat by conduction 
(blue) varies for each pijn*, l)eing for one-inch pipe at 300° 430 units. 

Again, this is the heat given out by horizontal pipes ; if now the 
pipes were vertical, the heat surrendered under the same conditions 
would l)e less, and continue 4 to decrease as the pipes were multiplied in 
number. 

That wrought iron in tul>es of small diameters, say % to 1}£ inch, 
is not exceeded in heating power by any other material or form of 
surfaces, may l>e at once conceded; and for facility of comparison we 
will take the value of 1-inch pipe in a single horizontal line, as found 
by Joseph Nason, 1802, to l>e 447 units of heat given oflf per square 
foot per hour for the standard condition ; viz., steam at /> pounds (or 
228°) and air at 70°. If now we find it desirable to use several lines of 
pipes, say in a # or 4 branch circulation, we shall not l>e able to realize 
as much heat, due to the radiating of the several pipes to and from 
each other and the less freedom of the air in reaching the entire 
surfaces. Our product of condensation represents now but 400 units 
instead of 447. Sec table No. 10, experiment No. 10. 

The further use of wrought-iron pipe is seen in the return bend box 
coil, plate No. 20, figure 4. In this shape we get a still lower effi- 
ciency, and we read for 00 feet surface 340 units j>er foot per hour for 
standard conditions. This is from a coil 10 pi|K\s high, wide, and 39 
inches long. This occupies more than double the room that would be 
taken up by a radiator having the same amount of heating surface, 
while it is anything but ornamental, and is generally covered by a 
screen which, although increasing the cost, farther decreases the effi- 
ciency. So that there seems to Ihj no good reason for employing pipe 
in this form to obtain heating surface. 

Plate No. 24 shows the latest and best arrangement of wrought-pipe 
circulation, including the patent manifold and valve, which, while 
reducing the numl>er of joints, renders the employment of a pipe circular 
tion more satisfactory, and places the lines under lietter control, as by 
the use of these manifolds one or two lines mav Ik? closed, while the 
other surface continues in operation. This is not practicable with the 
old branch, with the headers shown at the right and left of the page at 
the toj). This improved valve also admits of ready removal and repair, 
not possible with the old arrangement. Coils so arranged make the 
best heating surface to place below the windows in school-rooms, and 
may be used with either a steam or water circulation. See diagram 
No. 10 and tabic* No. 0. 
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Until within a few years the lx>x coil was often employed as indirect 
surface for steam circulation l>elow the floors* and with an outdoor 
supply of cold air; but the difficulty of bringing the air in actual contact, 
even when the pipes were staggered, has led to the practical abandon- 
ment of box coils for this jwirticular work. We will look at this relation 
further, when considering indirect heating. 

In plates Nos. 25 and 26, we see the regular vertical tube radiators in 
one row, two or three rows wide, and on plate No. 2t>, a horizontal one in 
staggered tube indirect radiator, compared with the return bend box 
coil ; this last heating the air as hot as the lx>x coil at five times its 
height, and also with less pipe. 

Plate No. 25 shows a very efficient wrought-pipe radiator, made of 1 }£ 
inch tubes, let into special bases. The freedom of the air to reach 
ever}' inch of the surface and the perfect display of the surfaces to 
discharge radiant heat render this simple construction one of the best 
that the writer has ever seen. That this surface is al>ove the 350 units 
credited to it, may be seen from the proportion of space heated with a 
water circulation, this being 1 to 90 cubic feet of space, with a large 
glass exposure. See table No. 17. 

"Plate No. 27 shows circular radiators of l>oth wrought and cast-iron 
tubes, also a special arrangement for the introduction of pure outside 
air. Under these conditions, the efficiency of circular radiators may be 
taken as/owr hundred unit*, or equal to that of a 4-hranch circulation. 

Returning now to the efficiency and value of wrought vertical pipe 
radiators, we find that the single-row radiator of regular heights and 
solid bases is alwmt equal in value to four-branch circulation ; the 
average of seven experiments by J. J. Nason and J. II. Mills give 
(standard steam and air, difference 158°) 390 units per square foot 
per hour. For two-rowed vertical radiators, four experiments by Nason, 
Barrus, and Mills give 309 units. (Table No. 11.) 

With three row* of tube* wide the mean of live tests by the writer 
gives 278 units per foot, and thus the respective values decrease in the 
ratios of 390, 309, 278 ; the two rows being one fifth, and the three 
rows three tenths, less than the one row. 

For cast-iron vertical tube radiators an average of twenty testa 
made by the Gritting Iron Company with 1, 2, and 3 rows of tubes gave 
395, 315, and 275 units as the respective duty of the several radiators. 

The following table (No. 10) gives several additional examples of 
different materials, and also different conditions of the same pipes 
descril>ed as corrugated, ringed, and plain turf ace*. The table also shows 
the efficiency for many radiators not found in table No. 11. 

As most of these surfaces are familiar to the trade of heating engi- 
neers of the Eastern and Middle States, no lengthy description of the 
nature of the surface is attempted. 
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PLATE NO . 25. 

Special Wrought-Iron Direct Radiator, 

Employed for WaUr Circulation ut County Buildings, Springfield, Mass., 1887. 

(See ulavi PlatM Not. -I" :tii,l 44.) 




This Wi mifilil-lron Pipe Radiator m constructed with fltraiglit thresid and 
look nut at top for special public work, ;is Prison, Asylum, and Hospital heating, 
it being liigli from tlie lloor and without fca«, screen, mornbU- «\ Ioom porta. 
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Wrought Iron Direct and Indirect Radiators. 



PLATE NO. 26. 























9m ==^^^^0 




: (f£ 


\~~^^^^*H 


ft '"" 


* 


' i^w^M^^ )B 


hi z t 






M 




i*mm^h ff 


9 s 




— -«-4§£ 


|E* 






REGU 




LAR RETURN BEND BOX 


COIL. 



J 



7 s ? 



, \ IS III ATtON fit? IklLfJlNGS. 



PLATE NO. 27. 



Circular Radiators of Wrought and Cast Iron Tubes. 

* Sec Report of Providence Steam and Gas Pipe Co., 1884. 
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Before passing to the matter of construction of any radiator, it seems 
best to consider the question of materials, since more or less difference 
of opinion has existed jus to the heating values of tcrowjhUiron^ steel, 
bra*s, and cant-iron pipe** when employed an direct radiators. 

The ]>eople really interested in the intrinsic merits of radiating 
surfaces are not only the manufacturers, but the contractor and the 
heating engineer; as, having made calculations on the asserted square 
feet and the supposed value, if this fall short in actual use, be must 
make good the deficiency, and often at serious loss. 

If instead of iron a different material is employed in constructing a 
radiator, the amount of heat radiated will not be as great. More espe- 
cially if the surface is highly polished, the radiation is diminished. 

Taking cast iron as the standard, the radiating power of wrought iron, 
with its surface in the condition of rolled sheet, will 1*?, theoretically, 

10 per cent less. Practically there seems little difference. 

If an iron radiator were finely polished, or had its surface brightly 
tinned or nickel-plated, five sixths of the heat by radiation would be sup- 
pressed ; and if of polished brass or copj>er, the radiation is only about 
one sixteenth to one twentieth of that obtained from unpolished iron. 

Tredgold made some experiments on iron in different states and on 
glass ; a condensed summary runs as follows : — 

Vertical cylinders, 8" high by 3" in diameter (nearly). Water 
at a mean temperature of 105°, air 5t)°, difference 109°. Units of heat 
per square foot of surface per hour: Tinned iron. Kit; glass, 250; 
wrought iron, 252 ; same, rusted, 290. 

More extended and practical tests with different materials and forms 
employed, as both direct and indirect heaters, are shown in table No. 
10. These were made, as seen, by that early and practical engineer, 
Joseph Nason, in 1802, and by the writer in 1888, and with table No. 

11 comprise al>out all the data we have to offer. 

Tests were made with these radiators heated by steam, pressures and 
temperatures given in columns H and ('. The amount of water con- 
densed from the steam is taken as the measure of the heat given out by 
the radiators (column F ) ; one pound of condensed steam, at an assumed 
temperature, when leaving the radiator, at 180° l>eing equivalent to 
1,000 units of heat. Column (i gives the amount of heat due to one 
square foot of radiating surface per hour under the conditions of the 
test. Column II is the proportional amount of heat for 1° difference 
between the temperatures of the steam within the radiator .and the air 
outside ; and this multiplied by 158, the difference in temperature 
between steam at five pounds pressure (temperature 228°) and air of 
the room at 70°, shows the heating effect for each radiator corrected for 
uniform conditions in the temperature of the steam and air. 
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In connection wiili tin? warming of dwellings, parlors, or isolated 
rooma, we reproduce a cut of a direct radiator! made in England, and 
known as ■ tire-place beater. Tliis is seen to be an ordinaiv 
construction, with this difference, that a Ere chamber is formed inside, 
by omitting some of the tubes ; a grate is then inserted, and a fire made 
in tliL' regular way; or. what is better, a gas hack-log employed, which 
may be lighted with the least trouble, and all annoyances from coals 
and ashes be avoided. 



KEITH'S PATENT 



RRE-PLACE RADIATOR. 




In tliis form it will lie seen that the fire-place heater combines witlun 
itself a boiler ami radiator, all other pipes and fittings being avoided. 
The urn on top is at the same time the expansion tank and also an air 
moistener, a space in the upper part lieing left for holding water. In 
summer time the urn makes a nice receptacle for ferns and flowers. 

When the heater is set, arrangements may lie made for the Entrodao- 
lion under it of fresh air, so that desirable sanitary conditions are here 
provided for. If set in a chimney breast, provision should be made for 
a discharge of air from tlic rooms, which is made very effective by the 
waste heat from the fire before mentioned. Certainly for an invalid, or 
other person not hampered by the extra cost, here seems to be the 
perfection of heating and ventilating arrangements for single, and pos- 
sibly double, rooms. Similar devices of this kind are made in this country. 
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RADIATOR EXPERIMENTS. 

As the matter of radiator experiments is of mueh interest, and in 
view of our tables ami the fact that somewhat conflicting results have 
been obtained by competent ami presumably disinterested engineers, wo 
will look somewhat into the matter; and, as Mr. Geo. Barrus gave, not 
only all his data, but drawings to scale, we will avail ourselves of them, 
in order to do him justice, while explaining wherein we differ from his 
final oon clus ions. As to the general facto there may be no question. 

Plate No. 29 and table of conditions and results show that it was the 
intention of the engineer at least to furnish his employers and the 
public the facts. If there were any errors in employing so many 
machines to control each separate operation they were such as applied 
to both radiators alike. 

The manufacturer or agent for radiators constructed of wrought- 
iron pipes claims a superiority, not only for bis particular construction, 
but for its high efficiency, localise made of wrought-iron pipe tubes; 
while the foundry man, producing a east-iron radiator, insists that his 
material is the best. 

Both parties to this quarrel, so to speak, have made or caused to l>e 
made certain experiments to prove the superiority of wrought or cast 
material, and their particular method of putting it into radiators. 

The experiments for a cast-iron radiator were made a few years ago 
by the Detroit Radiator Company and a professor of a young ladies' 
seminary in that city, guided in his ojieratiou by the mechanical talent 
of the foundry where the radiators were made. 

As the writer has been obliged to dissent from the conclusions 
reached in both cases, and also to criticise the methods employed, he 
deems it but fitting and due to the parties interested, and to his readers, 
to explain quite fully the reasons for such dissent. 

In doing so it need not be inferred that he questions either the ability 
or the honesty of the parties experimenting. Mr. Geo. Barrus is a 
graduate of the Boston Institute of Technology, while the firms that 
employed him are beyond suspicion of collusion to draw out unreliaMe 
reports, or, as has been stated, of combining to parade such to the injury 
of their eonq>etitors. That the circular describing what they had 
done was not wise or well chosen, is only a matter of general comment, 
at least among engineers who have knowledge of such matters. 

The Detroit Radiator Company committed ■> like error, I 

published and distributed a circular in red mid him- Uui • 
forth the superior merits of their cast-iron radiator, ,'i"i saw i 'hut 
the Walworth wrought-iron radiator of the 
was "go fur be hi 10 1 an iojI I" br worthy of comps 
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STEAM HEATING.* 

Some Interesting Experiments in Behalf of the Detroit Steam Radiator 

Company. 

In Detroit for the past ten days some experiments have been performed which are 
of much practical value. The Detroit Steam Radiator Company, owning a patent on 
a contrivance for steam heating, determined to learn the intrinsic value of their 
radiator by means of a correct and scientific test For this purpose an air-tight com- 
partment or box, five feet high, three feet wide, and five feet long, was made of wood, 
with a perforated board partition six inches from the bottom, and another the same 
distance from the top on the inside. Between the two perforated partitions was 
introduced an improved Detroit steam radiator. Proper steam connections were 
made, having steam gauges at the points of ingress and egress of steam next to the 
outside of the box. An opening four inches square was made at the bottom of the 
box, to allow a pipe connected with a blower to be attached ; an opening of the same 
dimensions was also made at the top, to allow the air to be blown into the bottom of 
the box, thence through the perforated partition below the radiator, thence from 
around the radiator, through the upper perforated partition into the outer air. 

The company invited Benjamin F. Comfort, instructor in physics at St. Paul's 
Grammar .School and lecturer on natural philosophy at Leggett's Ladies' Seminary, 
to oversee the experiment and to take observations. Charles II. Ilodges, Superin- 
tendent of the company's works, in connection with Mr. Comfort, after careful obser- 
vation and reasoning, found the following surprising results: — 

Placing a Fahrenheit thermometer at a point where the air entered the blower, and 
then at the opening whence the air came out of the air-tight box putting another, the 
blower was started, forcing 750 cubic feet of air every minute, and the steam was let 
into the radiator at 5 pounds pressure. In 5 minutes after the steam had 
entered, an observation showed the inlet air to have I. cm at <W>° and the outlet 
air to be at 132°. After this observation, the steam was immediately raised to 10 
pounds pressure, and in 5 minutes the temperature, as observed, was : inlet 
63°, outlet 138°. After each observation, the steam was raised 5 pounds, and 5 
minutes afterward the next ohser\ation was taken. Thus the 750 cubic feet of air 
rushing through every minute, stv am being at 15 pounds, was observed to be : 
inlet r4°, outlet 144°; JO pounds of steam, inlet 04°, outlet I4i*#°; 25 pounds of steam, 
inlet 04°, outlet 15(.°; :50 pounds of steam, 64° and 155°; 40 pounds of steam, 04° and 
151)°; 50 pounds of steam. 04° and Hi4°. 

This experiment occupied thirty-live minutes. It was found that for every pound 
increase of steam pressure, the temperature of the current of air was raised 70 per 
cent of 1° Fahrenheit. 

The foregoing results were found to show the real, intrinsic value of the Detroit 
radiator. It was then thought proper to subject the radiators of other manufac- 
turers and principles to precisely the same experiment, and thereby determine 
the comparative value of the Detroit. Accordingly, a Hundy raliator of the same 
heating surface was put in the same box at the same temperature, and under the 
same conditions of forced air and steam. At 5 pounds of steam in 5 minutes the 
inlet air was observed at 02°; outlet, 115°; steam, 10 pounds, 6o° and 11S°; at 15 pounds, 
04° and 122°; 20 pounds, 04° and 120°; 25 pounds, (15° and i;J2°; :$0 pounds, 65° and 1S4°; 
40 pounds, (15° and 13S°; 50 pounds, (55° and 145°. 

From these figures it is seen that in raising the steam from 5 pounds to 50 pounds 
pressure a net gain of 27° of temperature was made, which is 00 per cent of 1° for 
every pound increase of steam pressure. It is also seen that the Detroit started 
from a higher standard of temperature, namely, l.'52°, and also produced 10 per cent 
of 1° more heat for every increase of 1 -pound pressure of steam. 

The results obtained from the Wulmnrth radiator fell below those obtained for the 
Hundy, and therefore are not needed for comparison. 

• Detroit Free /»*■#•*», Deceml>er f 1885. 
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The writer noticed ant! reviewed the experiments in the Buffalo Com- 
mercial of February, 1885; and, U this is to the point in the present mat- 
ter of radiator experiments, ami as showing how the reverse of any other 
result can l)e honestly produced, we insert the two articles in full, as 
containing both the statements in the report and the author's reply. 

Buffalo, February 18. 1885. 
Editor Bcffalo Coiisiercial: 

In a late issue of tho Detroit Free Prrxs of December 18 appeared M article under 
the bead of "Steam Heating," reciting that, at tho works of the Detroit Steam 
Radiator Company, some experiments had been performed which were of much 
practical value, the tests being of a "correct and scientific nature." to which etid a 
professor of physics and natural philosophy attended to oversee the experiments 
and take observations. It appears that the company above mentioned, desiring to 
learn the "intrinsic" value of their "contrivance for eteiim heating" and the 
comparative value of other similar devices, proceeded in the following singular 
manner. The report states : " For this purpose an air-tight compartment or box, 
five feet high, three feet wide, and live feet long, was made of wood, with a per- 
forated board partition six inches from the bottom, and another the MOM distance 
from the top on tho inside. Between tho two partitions was introduced a Detroit 
'improved' steam radiator. Proper steam connections were made, having steam 
gauges at the points of ingress ami cgi ess of steam next to the outside of the box. 
An opening four inches square was made at the bottom of the box, to allow a pipe 
connection with the blower to be attached; also an opening of tho same dimensions 
was made at the top, to allow the air blown into the bottom of the box to pass 
thence through tho perforated partitions below the radiators, thence from around 
the radiator through the upper partition into the outer air." 

Arranging the blower to force 750 cubic feet of air per minute, and raising the 
steam pressure S pounds at. each observation, certain results of temperatures of the 
issuing ill were noted. Condensed, the summary runs as follows: The Detroit 
radial, as raised the current of air (760 cubic feet per minute) 78 per cent of 1" /or each 
e of 1 pound pressure on the gauge, from 5 to 60 pounds; that a Bundy 
size and under tho same conditions of air and steam, raised the 
of 1° for each pound increased of steam pressure; while the 
11 so far behind the Bundy as not to be needed for comparison, 
"surprising results" gave satisfaction to the family group 
is them; and might be entertaining reading to persons not 
acquainted with such goods and the methods usually employed by engineers and 
practical men, when testing radiators for their ''intrinsic " value. 

What a manufacturer or purchaser would really wish to know would be, what Is 
the coiii|,:ii;iiiM- mine per square foot of surface of a radiator when under the same 
conditions of steam and air that would prevail when standing in a room designed to 
bo warmed by it, and not what would be the results under circumstances never 
employed in practice. 

Had the goods lested been indirect heaters instead of direct radiators, the dark cabi- 
net and perfortitcd partitions might not have been so far out of order, and the surpris- 
ing results quite natural consequences, oiih larking mii'-li "tht'i duta to verify them. 
In either case, both radiators should have been in the caliinrt at lltr name time, to 
ensure fairness; as one revolution of the shafting more or less would alter the speed 
of the fan. and thus the amount of air delivered. 

Having myself made many of these tests, ami owning, perhaps, the moat MOb 
plete list of the experiments of prominent engineers, I submit for the lieuelit of 

|iersons who may care to look into these interesting matters a few- of the . ■■:.! ><■■ 

necessary ami generally employed in obtaining comparative data, or In lottrnin" 
true value of radiators. 
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1st. That any data of this nature, to be valuable, should emanate from persons 
thoroughly competent and entirely disinterested. 

2d. That direct radiators, to be tested and compared, shall be as nearly alike in 
size, height, and number of tubes wide, as the construction of each will allow. 

3d. That two or more radiators, to be tested, be placed in the same room and con- 
dition as when in use, protected from all draught and influence upon each other, 
temperature of room say 60 to 70°, and steam pressure 5 to 10 pounds, as employed 
in general low-pressure heating operations. 

4th. The work to be observed and reported upon is the radiating and conducting 
power of the machine, which is found by the cubic feet of steam condensed, and 
measured by the amount of water resulting, which, being credited and divided by the 
square foot of radiator, gives the " units of heat received from the steam and trans- 
mitted to the air and walls of the room being warmed, per square foot of surface 
per hour." Turning to my own experiments made under the above conditions, I find 
data from the radiators referred to, and one other, a cast-iron tube-radiator of 
late construction. * Tabled and in the order of their results, they stand as follows: — 

Sq. ft. of I'nitof heat per Compart., val. per sq. 

Hurfacc. Kq. ft. i>er hour. ft. heating surface. 

Walworth 48 322 .30 

Reed 37 308 .28 7-10 

Bundy (JO 254 .23 6-10 

Detroit 40 242 .22 5-10 

Steam pressure 5 pounds, temperature of steam 227°, temperature of room 70°, 
average of three trials three hours each. 

Just here comes in a result, which manufacturers, agents, and consumers would 
do well to consider; namely, that however good the general plan and make of a 
radiator may be, if over-measured (under the pressure of competition) it will fall 
behind when weighed iu the unerring balance of condensation per square foot of 
surface, exposed to the air, and, while some arrangements of tubes and construction 
of "bases" are more favorable to circulation than others, the shortage will generally 
be found in ocer-estimating the actual heating surface employed. And when the 
statement is thrown out, that a certain radiator is 25 per cent less in weight for a 
given surface than another, it is safe to presume that such surface has been extended 
and diluted, so to speak, to its own loss. 

The pleasing theory that ribs, spurs, or rings outside the actual pipe or tube can 
be measured and sold as actual heating surface, disappears before the crucial test 
of condensation, and the " fraud" (intentional or otherwise) stands revealed. 

There is, however, one notable exception to this rule, in the Gold pin indirect 
central-connection radiators. These were over-measured at first, but brought down 
to their actual surface of 8} square feet per bar. They are excelled by no device 
of cast-iron, or equal area of wrought-iron tubes for indirect surface. 

Keturning to the subject matter of the test reported, it is easy to see that the shape 
of the base of the radiators placed in the "dark cabinet" would have much to do 
in " deflecting" the forced currents of air away from the tubes; while a slight varia- 
tion of speed of the fan would more than account for the not large difference of 
temperatures of the discharged air; and still the results have no practical bearing on 
either radiator! 

Having no interest in either of the radiators, and not having conversed with any of 

the parties referred to, 1 have simply reviewed the conditions and submitted my 

result, with the sole desire to see fair play, and justice done to both manufacturers 

and consumers. Respectfully yours, 

John II. Mills. 
Buffalo, February, 1885. 



• The Bundy and Detroit radiator patterns have since been slightly changed. 
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PLATE NO. 28. 



Mills Apparatus for testing Radiators and Heating Surface, consist- 
ing of a single fitting carrying Class and Steam 
Gauge and Try Cocks. 




Water Overflowing from the ijrphi -n into bucket on scale lo be weighed. One pound of 
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pet square fiwl of surface 

62 % equals Heal Units Recovered. 
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Plate No. 20 shows all the arrangements and conditions which were 
present at the time and place Mr. Barrus made his test referred to, 
except the two enlarged sections of the radiator, A and B. These were 
added to the drawing for the better understanding of the smaller plan, 
and its Ijcing desirable, in order to show the different construction of the 
base of each radiator ; but for the large amount of air thus admitted 
through the base of the Bundy the work accomplished would liave been 
still less. Altogether, this is an interesting study in the value and effect 
of radiant heat as applied to direct radiator construction. 

In the first place, while each radiator was substantially of the same 
rated square feet of surface, they were in no other respects alike. 

The Nason radiator, as seen by the sketch, was oO inches long and 6 
wide, while the Bundy was but 28 inches long by 10 inches wide (omit- 
ting the fractions). Thus the exj>osures of the two surfaces to the sur- 
render of radiant heat were the reverse of each other; and, as the part 
that radiant heat plays, compared to that of conduction, is (table No. 9) 
nearly the same for free surface, the proportion of heat surrendered in the 
same time by the unlike surfaces and exposures would be very different. 

Again, the effect of one radiating surface upon the other would not 
be the same ; the Bundy radiator would affect the Nason radiator less 
than the Nason would affect the Bundy. That is, in the position 
shown, the Bundy took the larger effect of radiant heat in front from 
the Nason, and it also was in a reflex heat from the wall l>ehind, thrown 
from the two radiators. True, in some of the experiments the j>ositions 
of the radiators were reversed without apparently changing the results, 
as we could hardly expect it would, seeing the great differences of form 
and surface exposure. 

Passing to the effect of *' bunching" one radiator and drawing the other 
out, it should be seen that, to have made a fair comparison, the Nason 
radiator should have l>een 4x12 instead of 2 x 24 ; in that size it would 
have been similar in surface exposure, and doubtless in effect, as the 
ratio of effect is 10 per cent less for each additional row of tubes. Had the 
Bundy radiator Ikjcii sixteen pipes in a single row, the exposure would 
still not have been equal, but the results would have been very differ- 
ent. Of course, if neither radiator was made, or could be had, except 
in those disproportionate groupings, there might be some reason for the 
unequal surfaces and conditions adopted. 

So far as testing radiators together is concerned, there seems no neces- 
sity or reason except economy of time ; as radiators so placed are sure to 
affect each other, unless a non-conducting apron or screen is placed 
between. Neither is it vital that radiators should be tested at the same 
gauge pressure or air temperature, when all experiments are, or should 
be, reduced to standard conditions. 
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Experiments made by Geo. H. Barrus, M. E. JSS6. 

Krviewtdby J. J. Ilogan in "Afelal Worker'- Jan. 14, 18S8. 
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TABLE No. iOtf. 
PULL SUMMARY OF DATA AND RESULTS OP TESTS. 



r,i„„„r,-r;,il BaHnf Of Surface . 



tal a 



■I of Iladiatiny Surface 



tqun r <_■ i ■ t 



Duration of tests .... 

Total weight of steam condensed . . . .1 

Average weight of steam tmlifliil— fl per hour . 1 

Weight tit steam cumleiiaed per hour, per square 
foot of nrlufllirar/uee I 

Total number of units of boat given off per hour B.T.U. 

Units of hent given off per hour, per square foot of 
actual surface H.T.U. 

Units of hent given off per square font o( actual 
surface per hour per degree difference of tem- 
perature between steam in radiator and tho 
surrounding air U.T.U. 

Average pressure in receiver (above atmosphere) 
corrected for error of gauge . lbs. per »q. inch 

Average height of barometer inch 

Temperature of steam corresponding to pressure 

in receiver deg. 2.15.7 

ilswtnwl temperature of romlrnncti iriifer . . . deg. 229.6 

Total heat above zero of steitiu having the pressure 

in the receiver B.T.U. 1,185.8 

Average temperature of air 5 feet inches from 

Nasnu Kadmtoi deg. 64-37 

Avcrago temperature of air midway between radi- 

Aviji-agM timvrcn.tore of air 5 feet I) inches from 
Ilundy Radiator deg. 

RECAPITULATION OF HOURLY QUANTITIES AND AVERAGES. 



l_ 



"rvs: 



67.7 
68.7 
BBlI 
<W.5 



Radiators 
In position 
shown in 
Sketch No. 1 
(covers re- 
moved 1. 

It appears from these figures that the Nason radiator gave out 30.4 per s 
raore heat in tlie gross than tho Bundy radiator, and lf*.ti per cent more heat per 
juit of actual radiating surface. GEO. II. BARRUS 
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Referring to the condition and results of the foregoing experiments, 
we note the following differences between the final results and experi- 
ments made by other panics on the same surface: — 

The generally higher duty credited to the wrought-iron mxlMM 
of 347 units becomes, when reduced to the temperatures 228° and 70°, 
Standard condition of steam and air) 321 unite. 

The 293.2 unite credited to the Bandy, reduced to stand-in/ amo- 
tions, liecome 271 units. The writer's tests of the same radiator and con- 
ditions give 298, while a test made at the works gave 314 units, or an 
average for the two tests of 306, or (i units higher than the two wrought 
radiators above referred to, and these tests were made up from the 
commercial rating of both radiators. If, now, the Bundy is really over- 
nieasuied, as shown in the foregoing data, its actual surfaces, foot for 
foot, must be nearly equal to either of the wrought-iron radiators tested 
with it, provided that it is tested alone and with no detracting 
influences and conditions as to size and exposure. 

Tin' experiments of the writer with the Walworth and Nason 2x 24 
pipe radiator give an average of 300, or 21 units per foot less than Mr. 
Barrus obtained. (Standard condition as above explained.) 

As concluding our remarks on the comparative value of the two 
materials, cast or wrought iron, as heating and radiating surfaces, we 
may glance at the same table. No. 11, and note at the heading e&oh side 
of the " description of radiators" that 10 wrought-iron radiators from 
the experiments gave 307 units of heat, and that 10 cast-iron radiators 
gave 310, or less than 1 per cent difference. 

At the bottom of the same table, under the heading "horizontal 
pipes," we may note that 1-inch, 2-inch, and 3-inch pipe are compared. 
The calculated work that should lie done (as in table No. 9) and that 
found by the experiments substantially agree, and prove the correct- 
ness of both the table and diagram. The average of all radiators 
(lower right-hand column, table No. 11) is seen to lie 312 units, and 
the average of the horizontal pipe is 370 units. 

We here note the value of heating surface, obtained as a mean of the 
experiments of J. J. Nason, with plain cast-ir-m and exUntUd surface! 
= 314 units. While Mr. Nason found for 1-inch wrougliUiron pipe 
(single line) 447 units, he obtained for his vertical radiator, 1x24 
(single tulies). 3o7 units, and for a radiator, 2x24, 4N feet, 2 rows 
wide, 2H7 units. Thus we see what relation the material, and what 
the position and construction have to do in determining duty and 
value of either wrought iron pipe or cast metal when urouj 
together for direct radiators. 
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EXPLANATION OP TABLE NO. 11. 

In order to com]>are radiators fairly, they are arranged in the follow- 
ing table, No. 11, according to their size and condition, the first being 
an average of 13 feet, for which we find a value per square foot of ra- 
diator of 350 units. 

The next group of 23 foot radiators gives us 342 units, the next of 30 
feet 312, while double this size gives us but 277, as against the first 
group of 350, or a difference of 21 per cent less duty for the large 
radiators over that of the smaller. 

Besides many minor facts, tables Nos. 10, 11, and 12 will be found to 
embody most of the conditions of experiments and researches into the 
value of materials of radiators, also of pq>e for heating surfaces. 

The whole is by different engineers from 1862 to 1888. 

It should l>e clearly understood that in all cases except the wrought 
and cast iron pipes the square feet of surface set in column A is that 
given by the manufacturers and placed upon their price-lists, and further 
known as the commercial rutin*/. 

Thus, when a radiator is over-marked, it oj>erate8 to give it a low duty 
per square foot; since, in testing, the total work is divided by the 
supposed or rated feet of surface. Thus, if a radiator is credited with 
forty-eight square feet, and has only forty-two or forty-three actual, its 
rating will be lower than if its work were divided by its actual surfaces. 

That there are many radiators on the market that do not contain 
within from 15 to 25 per cent of the square feet of surface for which 
they are sold, is doubtless true ; also, that if, even by great stretch of 
ingenuity and the tape line, something near the number of square 
inches is figured out, the real value of the final combination of any form 
of tubes (with bases and without) is far from what is represented and 
perhaps honestly believed by the manufacturers and their agents. 

The companion diagram, No. IS, is for cast-iron surface, two of the 
best radiators and forms of pipes l>cing compared. As it is intended in 
no way to raise or depress one firm's goods over those of another, 
personal mention of manufacturers is omitted except in the tables, 
where it is necessary to distinguish construction and other conditions. 

It may also be briefly explained here that the factor of work accom- 
plished by the radiator is taken at 1000 heat units per pound of water 
condensed and cooled from the temperature of the steam to 180° Fahr., 
and principally consists of the latent heat of the steam, with this 
difference, that a separate calculation is not made each time, or for each 
slight difference of steam pressure, As the same data and factor of value 
are taken for all the experiments, there can be nothing unfair or partial to 
any radiator or to ant/ person interested, the final results being reduced 
to the same standard of conditions ; viz., steam at 5 lbs. = 228°, atr, 70°. J J 
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Experimenta with Direct Radiators, selected from the Reports of different Engineers. 

Arranged In the Order of the Siie or Surface tested, the Final Work »r Dutr 

being red need to Uniform Conditions of Steam and Air. (Col. J.) 



TABLE NO. il. 



Description ok Radiators, 
Dates of Experiments. 



is, M.&T.C.I.Radiaior.curvedrib, 
Old Washboard. 16 years old, 
New " from same pattern, 
liffd (". [. veil. lube, open b.i^c, 
MillsC.l.hoi'Itbar. 14 in. high, 
" " plain surf. 2 bar, 34 in. 



Mills C.I. horizontal i hat, \\ in., 
WalworthW.I.vert.tubc.solidb.. 
Nason \V. I. vertical lube. 1 x 20. 
Walworth W.I. vert, tube, ix 20, 
Nason W. I. Radiator, 1 x 24, 
Clogs ton C. I. vertl, ribbed pipe. 



'3 A. A, Griffins 
MIronCo 1886 
>5J. R. Reed, 



Gold's Compound Coil, : 
Bundy C. I. ver, tube, op. b . 
Shan unit I .'. 1. Inn. bar. 110 b.l br. 
Mills <_'. I. horizontal 3 bar. No. 9, 
Reed C I. vert'l tube, open base. 
Bundy C. I. Water Radiator, 
Walworth W. I. 2 rows, t6 pipes,' 



iljj.H. Mills, H" 
J. H. Harms, ( 



J.J. Nason, 186;, lio* Radiator, I.'. I , vertical rib, I . 
' Wliitlier C Lliur.bar.ext.flsl pin, 
I itiT'iii t '. I vcr. lube, 1st patlern, 
Mills' ' I, hnrizon'l 3 bar, Nn. 12, 
Walworth W. I., : tows, 24 pipes. 
Bundy C. I. vertical tube, 
' I Nason W. I., 2 rows, 24 pipes, 

A.A.Griffing I Bundy C. I. vertical tube, 218, 
IronCo.iSSS \ 

J. Nason, 1862, Nason W. I„ 2 tows, 24 pipes, 
J. H. Mills, J Mills C. I. 2. 3 bars, coupled, 
1879. I Walworth W.I. ,3 rows, tGpipes, 

31 J. R. Reed, Whittici, 4x3, 



32 A.A.Griffing, Eureka C. I., ring pipe, 
33I 1886, PeirceC. I., vertical flat tubes, | 

34 1 it w-ii. Bundy C. I., vertical tubes. 

35 J is2 Walworth W.I., vertical tubes. I 

noo> MillsC.I..6bars,CDupled,No.o, ' 

The " Union " Rad., 1SS6, C. I. 

HORIZONTAL PIPES. 

1. i«... i ByTheorvofCond.&Rad.Heat,' 
nlipe, < „ Experiment, J. Nasc- ■«' 

1 " KxperimentJ.H. Mills, 1B86.' I 

j " Experiment, J. Nason, 1S71, 

1 " Experiment, C. B. Richards, 
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CHAPTER XIX 
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CAST-IRON RADIATOR CONSTRUCTION. 




tOLLOWING the scientific! part of our subject, we may now pro- 
ceed to another and important element affecting the work of 
radiating and other heating surfaces ; viz., their mechanical con- 
struction and surface exposure. 

On this subject we shall not be able to cite many authorities, as 
apparently but few writers liave considered the important relation of 
form and position in the efficiency of heating surfaces; while hut few 
have written, less have worked, with this end in view, aud the great 
majority of radiators have been constructed with little regard to the 
real problems involved, excepting the natural and easy one — that of 
immediate profit to the foundry and machine shop. 

In order to intelligently understand this chapter on construction and 
arrangement of heating surfaces, the two preceding chapters should be 
well considered, including the two diagrams Nos. 17 and 18. 

In all cast-metal construction, the leading idea seems to have been 
the greatest amount of surface in the least space, with the least weight 
of iron. Whether this was the best combination to transfer the heat 
was not made the vital question, or whether such a combination was the 
best to give the purchaser the real value of Ins money. 

With the advent of low-pressure steam heating, and later the appli- 
cation of water as a heating medium, especially in house warming, came 
a corresponding demand for different radiators and more ornamental 
surfaces than seemed possible with wrought-iron pipes and solid bases. 

Besides the objections to the old style of solid bases, there existed the 
desire to reach the sectional construction, and also to escape the corres- 
ponding clumsy feature of the screen cap or covering of all the wrought 
vertical tube and horizontal pipe radiators. 

For a water circulation a top cross • " ioining the upper ends 

of all vertical tube radiators is a i "itsily obtainable in 

common WTOUght-tul)e constnu letat section any 

desired water and steam passi 

For a wrought-iron water t 
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That the early cast-metal direct and indirect radiators, although of 
somewhat homely design and even rural name (the Ox-bow and the 
Wash-board), gave such high results in heating power, was perhaps the 
spur and inspiration to all that we now have. That no later radiator 
has rivaled these first, is food for thought. 

The writer early recognized the power of simple or uncombined heat- 
ing surfaces and open construction for direct radiators ; also, that the 
reverse of this arrangement must prevail where the heating surfaces 
were not in the rooms to be warmed. 

The key to the high duty of the two radiators referred to may be 
clearly traced to their simpler form, being generally in single castings, 
and thus each square foot does its full duty in radiation and conduction. 

Among other ideas that have prevailed at different times among the 
advocates of wrought material, was the somewhat singular one that 
cast iron, after some years of use as a radiator, underwent a change of 
its surfaces, or, rather, a change of its molecular particles ; and thus it 
deteriorated, and did not give off as much heat as formerly or when new. 

That this idea should obtain, is, as I remarked, singular, seeing that, 
as regards corrosion or rusting due to the presence of steam or the 
water of condensation, cast iron is less affected than wrought. This 
has always been noticed in wrought-iron furnaces or pipes in base- 
ments, also the superior value of all east-iron pipes and fittings laid in 
the ground for carrying gas or water. 

To settle the question concerning the deterioration of cast-metal, 
the writer in 1870 sought out a cast-iron radiator that had been in 
continuous use sixteen yearn. It was one of the early patterns known 
then, as now, as the Wash-l>oard, which, lieing made in two halves and 
bolted together, permitted separation and rejoining in its original posi- 
tion. These two halves were cleaned, put into the sand, and repro- 
duced, so that a new radiator and the old one could be tested for their 
intrinsic value. 

The report and conditions of the experiment are seen in table No. 11, 
Nos. 2 and 3, where the difference watt 1 }4 per cent in favor of the old 
radiator, both giving a high rate of duty {nearly 400 units). 

The early heaters before referred to were not, however, calculated to 
stand much pressure ; the joints, being numerous, made with rubber 
packing, gave much trouble by leaking; they were at the same tim^ 
expensive to construct. It was to avoid both of the above difficulties 
that the radiator shown in the following drawings was designed and 
sent to the patent office in 1873. A claim was also made far the f*m 
of the tube. 
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In this urn is true lion it WU sought, to avoid joints alt Oget Iter, by milk- 
ing a complete radiator at a single easting, anil by giving the tubes a 
peculiar form, to secure strength, lightness, and grace ; lastly, to reduce 
the cost of manufacture. While at first it seemed easy to accomplish 
these desirable results, all of them were not found compatible in the same 
radiator, and this pattern did not go beyond the experimental stage. 
The eqmpound Gothic tube, however, survived, and maybe seen with 
a slight niodificatioii in the lieed radiator of to-day. 



FIGURE 1 
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While only one feature of this early effort to secure a water and 

■team radiator survived, the natter was token up again in 1877, and 
resulted in a form thai bad some decided advantages. See follow- 
ing i age, Here the in idea was thai of securing a direct sectional 

radiator, without a ban* and screen covering, and with a valve for emi- 
trolling the In i i ■■■ 

While it was seen that si ■ jf i sections of a east- 

metal rudiutor were unavoidable -e them to the 

minimum; or, as seen 'rfaee. 
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The joints were, as stated, at the centre, a regular mum IliniuTiiil 

nipple lieing inserted, and the ban or sections tuned together, the same 

an any "lilting," the ends being afterwards (Batoned to keep than in 

line ; thus, all expansion was avoided, while it WW easy to repair or 

lection should one get broken by frost or handling. 

It was not tit first supposed that a satisfactory water circulation could 
1« secured through a continuous central passage, but the Bi 
incur, set nil these fears at rest. They re ally did more. :unl proved th.it 
iit, that time very little was known about the phenomena of a heated water 
circulation in pipes and radiators, if. indeed, there is to-day 



FIGURE 17. 




Another feature of this horizontal bar construction was the pi 
ity of making direct radiators of any height at the sume proportional cost, 
since the pedestal foot on which the radiators rested, and into which llie 
connection was made, had small cost relative to the common be 
a single foot and one bar comprised a complete radiator ready for use and 
fur B steam or water circulation. 

Finally, that in this simple construction the highest hi b 

was reached (3S9 units), equal t -inch horizontal wrought t 

See tabic No. 11. experiments Nos. ">, 10, and 11. 
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In this plate is shown the "Whittier " direct radiator, the patterns for 
which were made by the writer for G. W. Walker & Co. si little prior 
to tin." date 1873. While this radiator was composed similarly of hori- 
zontal bars, the circulation was also horizontal, passing continuously 

from ■ bar to the other through openings in alternate ends of each 

section, the same as a return bend wrought coil. 

The main heating surface was, as seen, the flat pins or teeth, project- 
ing from the faces of each bar ; this surface being measured up in full, 
and counted as aetata] or plate surface. 

FIGURE 18. 




In this estimate there were two errors; and, as this is in the line of 
our late inquiry into heat by amlaet of air and radiation, we will briefly 
note thfin. 

1st. The pin, being fiat and thin (the average section being but one 
quarter inch), did not conduct the heat of the main plate as freely as 
another form (seen in the Gold's Indirect), and so did not warm the air 
as much by contact. 

2d. These deep and parallel projections did not amount to any- 
thing as rti<}:<tti't : i wufaeUy and thus that portion of the heating power 
of a plain plate wis pnntieally lost; at the same time, the base of the 
teeth covered np the best surfaces of the liar from which it projected." 

As, howi.-vei-. ihnv wfiv still good points, the manufacturers, being 
honest and intelligent, reduced the schedule u-respond to 

iciency, so thai this early n . I"lt has 

been sold every year, and is still manof* 
used for a water circulation. Set 
where the efficiency is shon n 
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We bare seen iii the preceding chapter that die miming »>f wrought- 

iruii tabes in any way results in a steady and regular decrease in their 

fficiency in single Lines; or, in other words, that there is a limit 

to the massing and drawing together of pipes and tubes intended for 

direct radiators. 

That this difficulty is encountered when we leave the wrought tabes 
for the oast, is now clearly seen, nnd id.it there is even greater difficulty 
as we depart from ilie circular form to those of different ang 
is shown by the preceding diagram, No. 17. where the heating effect in 
seen to be 246 unite per foot to SOT, or 'i loss of over 2" per '-r-nt. It 
is proper to state that these results are obtained by experiment, the 
conditions of which are fully stated in table No. 11. 

That the regularly decreasing duty of the several wrought radiators, 
with the numbers of pipes brought near together, is due to the suppres- 
sion of radiant heat rays and also to the loss of air contact, may now 
be clearly seen; also that size and condition largely influence the 
value of the radiating surfaces. 

For other sizes of pipe than 2-inch, the relative amount of heat radi- 
ated, as compared with the heal transmitted to the air by conta< I 
greater for the larger sizes and less for the smaller; thus, 1-im-h pipe, 
under similar conditions as above for 2-inch, radiates 188 units, and con- 
duets In the air 288, or nearly one third more. 

The best result in the line of modern constructions fur Btafn Bbcffls- 
tion appears to have been reached in the Heed radiator. 

Here the form of the tubes, while not circular, embodied lines that 
were equally good ; as, while the general outline of a section was elliptic, 
the form was eoneer, so that each surface retired from the other, instead 
of approaching it, as in some other constructions. 

In addition to the form of these tubes, their setting in a OnuUd ST 
open base secured a larger circulation and better application of the au- 
to space between the tubes* thus in a great measure making up for the 
loss of radiation suffered by all heating pipes standing near together; 
added to this there was a common-sense measurement of the tube 
surfaces, the whole result being the most efficient and generally satis- 
factory cast-metal steam radiator yet introduced, 

Plate No. 30 shows Ixith the front and end views. For other and 
important results of experiment and comparison, aee following tablo 
of experiments, No. 11. 

It is customary to term all appliances placed in rooms as heaters by 
means of steam or water, radiators, but the name is calculated to 
mislead. Indirect radiators, so-called, do not practically transmit any 
of their heat by radiation, except a small fraction, their efficiency 
depending on their conduction by contact of the air as it passes between 
and over their healed surfaces. 
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PLATE NO. 


•THE REED STEAM RADIATOR, OPEN BASE. 






For tests of efficiency, sec Table K«. 1 1 
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Over 100,000 Radiators Sold. 
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Seeing thai tin 1 circular form is the liest for radiating beat, ami that 

i pen i-njjsii action favors both radiation and contact <■!' the air. it 

is a little singular that in nil the man) inventions that have led up 
to our present position in the line of radiators, hul two nutj be said in 
cover both the theoretical and practical requirementa of adjacent 
heating surfaces without a coireaponding loss oi effect. 

In passing on to the next favorable -we might my tk fben 
construction, it may !«■ noted that the successive cast-metal radiators 
have progressed in the same order .is the wrought, ;i* we have ihe one 
tul»' in the Mainly and the Heed, the two-row section in tin- Bunorj ami 
others, the three-row section in the Triumph, Elite, and La 
while the last production, tin 1 (iunicy. essitys ;i i|ii,h i i : 

Tlie main object in increasing the rows or tubes in a bttfl or in a 
single easting to be again united to form radiators is the 006 bel< 
That there is a limit to this doubling ami tripling and quadrupling of 
pipes and tubes, is clear, and that its general effect is t<i redoes the total 
and combined value nf the siirfaee. 

The ratio »f decrease in value is seen in all experiments bo be over 10 
j>er cent for each additional row of tubes added; that is, when .ill the 
tubes are tlie same size relatively one tn another. If. as in smnr cases, 
the miter row of tubes is larger than the inner row, tlie loss will be 
more and be further increased if the outer row is drawn close together, 
A i-aicful study nf di;i jorums No*. IT and 1* "ill best BDOW tins affect, 
and that this may lie carried far enough in a four-pipe cmistructiuii to 
entirely suppress the radiant heat from tlie inside rows. 

The Union triple-pipe section seems tn !«• an exception to the general 
rule, in that, while increasing the number of the tubes in cross 

no decrease of efficiency follows. 

Tlie reason is seen to be the placing of one large elliptic ml*- in the 
centre. '/"■ outer tubes l-i-iiuj much smaller, ■•<' circular farm^ and 
tideralile distance* apart, 'Iihx enabling the heat rat/* of '!••■ ifwfdi 
escape; while the outer tulies, lieing, as it were, projected outwards, 
away from the main body tulie, their heal rays are unixapeded and 
without adverse effect on each other or tlie parent tube from which 
they spring. 

That two triple-tube constructions of similar width and height and 
nearly equal weight could produce so different results as 18 to I'M per 
cent of actual duty, is something phenomenal in radiator construction. 
A part of this increased work is perhaps due to a more lilk.-r.il. m, 
rather, to a more "contracted" estimate of the actual surfaced pre- 
sented, as the writer found the surfaces »\ the I'nion radiator to Over- 
run — a fault that cannot Imj laid t" the door of any other Oatf 0> 
wrought metallic construction. 
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PLATE NO. 3 1 . 

•THE UNION TRIPLE-PIPE DIRECT RADIATOR. 

FOR WATER OR STEAM CIRCULATION. 
ir tests of efficiency, see Tables Nos. to and ] I. Also, Diagram of Radiant Heat, No. to. 
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]| vw consider direct radiators as exjmeing two thirds 'if their surface 
in 1 1»- trails of tlie room (the other third i -m 1 1 . i t in- i<> iw II. and bo 
being lml Eur useful effect), one humlred and thirty unita p 
foot "i iii. .mi .:>; per cenl oi tlw total heat, under avenge tempamtom, 
will be a rough average approximation to the ainounl of heal :. 
\i\ radiation alone with low-pressure steam or hot-water cinra ■ 

Since the proportions of heat, transmitted bj these two methods. 
unj (as seen in a former chapter) nearly equal, it b 
apparent bow iiii|Hirtiint is the relation of form and tlie m-.i 
pi bating surfaces to eauh other, a- bearing mi tlie total I 

The out«iiit area of the sides, top, and base of any heater if- virtually 
all the surface useful fur radiation, Tims, in tlie ratli 
in diagram No. If! (page 314), the total imutlter of square feel ol haat- 
ing surface i- 30; the dimensions, 4' x 2* x #': outside area, 2(4 x 3 pitta 
l\'_. |>lus - x J4) = -- square feet. The ratio of the outside 
to the whole heating surface is alioul as _ to !), ami tlie radiation per 
average font of surface will lie two thirds thai of the horizontal pipe 
under similar conditions of temperature. 

This Ls illustrated by diagrams Nos. IT and 18, in which (lit- bin 
lines show where such rays itre arrested b\ otlier pipes and I 
red rays, by the same law and arrangement, escape into S] 
reach the walls and furniture of ihe mum, — ii being understood lliat 
the red rays, so shown ;is passing from [he hot surface, ifo 
ill-- aie throu'jh whirl they past, as air is only warmed by actua I 
with <t heated tmfoM. 

In the matter of our iliagrains «v do not claim that they arc scientifi- 
cally correct in every line, or that the total uumlier of lines .. 
the total heat passed in any one ens.', but thai practically (In 
and that all cxiierinieiits combined on radiator surfaces show that nnr 
meekdaieal standpoint is correct. 

Plate No. "rj shows a late form of the double-tulie construct! ( 

the Exeter Machine Company. This plain yet neat design should make 
it a general favorite. 

The dining-room radiator, shown on the same plate and by the same 
linn, presents a very good arrangement of tlii- desirable adjunct to the 
dwelling where steam or water is the circulating medium. Tin- ■ 
up of the end tulies on each side of the closet takes away the r.itlier 
hcavy and clumsy look of most other designs. This radial' n ; 
the patented detachable leg, a decided improvement; a-, should one 
become broken in handling, it can easily and cheaply !*■ replaced 
Besides, this allows elevation of tlie radiator to different height-, as b 
often desired under windows and in other recesses. 
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PLATE WO. 32. 
NEW CAST-IRON DIRECT RADIATORS. 
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In plate No. S3 is seen another example of ;i three-pipe radiator, the 
sum' that is compared in diagram No. 18, as the Elite and Triumph 
ban the same sectional construction, differing only in iiiiish and some 
other minor details. 

It is claimed as an important feature of this radiator "that a large 
proportion of its heating lines are arcs of ■ parabola,*' and that, like the 
reflector behind a locomotive headlight, which throws its light f»Tl into 
space, "ho in like manner does this radiator discharge its heat units 
into the apartment to he warmed." 

While this reference and illustration of the laws that govern heat 
and light as l>eing one and the same is undoubtedly correct and in the 
line of our inquiry, the reference to aflame and a polished nflaotoi 
does not seem to l>e quite in order when applied to doll 
surfaces, which, instead of l>eing reflectors, are themselves the source 
of the heat rays. 

These leave the surfaces heated from within and pass outward into space 
in lines whose intensity is proportional to the "sine of the angle of the 
ray with the surface," not from a light or source of heat outside and at 
a distance, hut from every part of the hot surface, seeking a colder 
surface than itself. Jf there are no colder surfaces presented, there 
will he no radiant heat absorbed from the surfaces of the radiator. 

It is only when the rays from a heated body are free to move away in 
straight lines and to a colder surface that any transfer of radiant heat 
takes place. Sec diagram* Nos. 17 and 18. 

In the case of surfaces employed as radiators, we should consider the 
light as placed within the heated tube. Then, if such surface was 
perforated with minute boles, the light would stream out principally at 
right angles to the orifices. If there is no obstruction, then the 
light, or, in our case, the heat rays, will pass outward into space, or 
until absorbed by a cooler surface, a ml rtgardlttt °f tht 
traversed, their intensity being inversely "* the tquart oj' the distance 
between the source of heat and the rtwriw. 

On the Siime plate, No. 83, is shown a dining-room radiator made bv 
shortening the Hundy tubes. This is a very handy way of keeping 
food warm without sending it to the kitchen. 

As far as heating and radiating surfaces are concerned, we are 
inclined to give preference to the ■•Ilundy" lines, as more favorable to 
radiant heat than the later ones seen in the " Elite " .a- ■■ Triumph " 
constructions. 

That the several radiators of the Grilling Iron Company are among 
the best devices of their class, may be inferred from the preferences 
given them by heating contractors and the trade. In the next chapter 
will be seen a radiator of the same firm for indirect heating or wanning 
of air below the floors, and for either steam or water circulations. 
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Cast-Iron Direct Radiators for Steam or Water Heating. 
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In plate No. 34 we have a view of a farther advance in the line of 
cast-metal construction. This is seen in a quadruple-pipe sectional 
radiator, intended for either a steam or a water circulation, and for the 
latter is provided with an oi>ening and supply pipe entering the radiator 
at the top ; this flow pipe is also provided with a neat and serviceable 
valve for controlling the flow, and thus the temperature of the water. 

The lines employed in the outer row of pipes are concavo-convex, 
and are thus more favorable than those which are entirely concave, or 
even parallel, as seen in some older designs. That the inside rows are 
somewhat shut in, is perhaps true, also that the general laws relating to 
massed *urfacex must also obtain in this construction ; yet, as there is no 
reliable test reported and the manufacturers have not yet marked the 
surface ?/y>, we do not know how high it will eventually stand in the 
scale of practical efficiency. 

The ahsence of any obstructing base will help to counteract an 
otherwise unfavorable relation of the inm'th surfaces; the pipes are 
generally harmonious and quite profusely ornamented, and should 
satisfy the strongest craving in that direction. 

When the totality of all the heat that is radiated is considered, taking 
into account not only the rays pei'i>endicular to the surface which repre- 
sent the prineipal radiation, but also the oblique rays of less intensity, 
the reduction in value of concave and parallel surface is more apparent, 
since it is the oblique rays that are more largely cut off and intercepted 
bv the other heated surfaces. 

As further referring to the omission of the screen cap and ornamenta- 
tion of the tul*?s in quite a number of direct radiators, we may say that 
the Union (Plate No. ?>1) is now being fitted to meet this demand, and 
that in the new dress it will be known as the Royal Union * In this 
connection it is safe to say that in all proliability it will require the 
screen cap and also the legs to make up the square feet of heating 
surface credited to manv of the cast-metal direct radiators. Still, the 
removal of the screen will not weaken, hut rather increase, the final 
duty, as permitting the circulation of the air over the tubes. It is. 
however, clear, that this matter of ornamentation on the already heavy 
construction of radiators can be overdone, and the reverse of what is 
desired obtained, since it is clear that no possible form of an iron 
radiator can be made to contribute to the harmonvof an otherwise well- 
proportioned and appointed room. 

Instead of calling attention to this substitute for the always unsightly 
stove, the radiator should l>e retired as much as possible. Sometimes 
this good taste prevails, and where the heaters are not placed below the 
first floor they are let into recesses made for them under the windows, 
or, what is still letter, into a space formed in the breast of the chimney. 

•S«e Cliapter XXV. 
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PLATE No. 34. 

NEW CAST-IRON WATER RADIATOR. 

GURNEY WATER HEATER CO.. 237 FRANKLIN ST., BOSTON. 
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HE heat of iiuUrert radiators is given out mainly to tht air /■;/ eon- 
tart or romlurtion, and not to any extent by radiation. Best l>y 
radiation requires a cooler object, to which the rays of heat 
may pass ; but, in the case of an indirert radiator, enclosed 
in a wooden box or other casing, the greater part of the surface is sur- 
rounded by other surfaces of the radiator at the same temperature, and 
the only heat by radiation is from the side of the stack to the metallic lin- 
ing of the box, and, as this has nearly as high a temperature as the sur- 
face itself, it receives and parts with but little heat. 

In an indirect heating chamber the cold air enters at the base, and 
passes off at the top, becoming more and more heated as it rises. The 
temperature finally attained at its exit depends on several conditions. 

1st. The temperature of the air entering the radiators and that of 
the heating medium withiu them. 2d. The rapidity with which the air 
passes through, or the volume supplied. 3d. The height of the radiator, 
which determines how long the air is in oontaet wiih the heated sur- 
hoe, when it passes vertically through it. 4th. The closeness of the 
contact of the air with the surfaces, dependent on the internal 
construction. 

When air is passed over a heated surface, the amount of heat that it 
abstracts varies with the velocity of its motion, according to a certain 
law that depends on the form of the surface, and therefore differs with 
each construction. 

The complexity of the law does not admit of any simple statement ; 
but it may Vie illustrated graphically by means of curves, which repre- 
sent to the eye the relations between the heat and the air.* 

The amount of heat that will he transmitted also depends on the 
relative temperatures of the mid tit admit led and that of the surface 
which conveys the heat It wee formerly supposed to increase in exact 
proportion to the increoM oi u 'ire in the radiator; but it is 

evident, from more exeat 'e results of practice in 

heating, that this would 



4 



3A4 

4^ — '■ Si ' 

(\tf IIkat: Its Sciknck, Production, and Application-. & 

The following is the more exact law: — 

The heat yiven off hy any body to the air in contact with it in a given 
time, ix proportional to the 1.23 potcer of the excexx of the temperature of 
the x ii r face over that of the air. 

Thus, following the course of the ascending current through the 
radiator, it is evident that when the cold air first meets the surface 
of the heated metal the amount of heat absorbed is the greatest ; if the 
difference in temperatures is 180°, the heat attracted and absorbed by 
the air will l>e promotional to the 1.23 power of 180, or to the number 
, r ><>4. 

When the air has risen a little and l>ecome heated 1°, the excess of 
temperature is only 179°, and the efficiency of the radiator at this point 
is represented hy the same power of 170, or by the number 590. 

Thus, the amount of heat taken up by the air decreases, until at the 
top of the radiator, where the air makes its exit, supposing it has been 
wanned, say, 100°, the difference l>etween the temperatures is only 80°, 
and the demand on the surface for heat is proportional to 80'*", or 
the numlK'i' 219, — alxmt <M per cent of the heat received at entrance. 

It is thus apparent that by increasing the depth of the radiator beyond 
a certain point, the added surface Incomes inoperative, only serving to 
raise the tcmjicraturc of the heated air a few degrees. 

A depth of six inches has l>een found sufficient in cast-iron radiators 
with extended surface, as the (iold's pin and other similar heaters, to 
meet the demands of the average American climate. 

An instance illustrating the uselessness of excessive depth is shown 
in the table relating to the reconstruction of the heating apjwiratus 
at the Buffalo State Insane Asylum.* 

Here the radiators were originally set in double tiers, through both of 
which the air was obliged to pass; the removal of one tier of radiators 
throughout the building resulted in a gain in the general efficiency, and, 
as shown, there was still a reserve of one third, of the whole surface 
throughout the winter. 

To what degree is the temperature of the heated air altered when the 
heat in the medium is increased, or the temperature of the entering air 
falls? 

This question has been experimentally investigated by Mr. C. B. 
ltichards, at the Springfield Armory, a report of whose testa is given 
in Johnson's (Vclopjedia, Vol. IV. The conclusions are expressed in 
tht; following law, and shown by table No. 11 J^. 

'• The heat that an indirect radiator yield* to the air varie* directly wUk 
the difference of the temperature of the xteam in the heater and that qftke 
cold air irhen it first xtrike* the hcatina xurfaee*' 

M'age 119. 
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TABLE No. 11J. 


Degrees Air Is Warmed by Indirect Radiators (Uniform Air Supply). 




Temperature of the Entering Air, 10° above to W below Zero. Of the Radiator, 100-= to 300"F»hr, 
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sample 1st. The difference between the temperature of the radiator and that of the 


entering air is 170', and the air is warmed 68°. How many degrees would the air be 
warmea if the difference between the temperatures is 240 ? 










The radiator column corresponding to 170 difference of temperatures and 68° increase 






in temperature is M (Table "). The number of degrees that (he air is warmed, col. M, for 






difference 240°, ts 96 (Table +)- 






Eiample ad. The effect of changes in the temperature 0/ the heating surface of the 






radiator. 






If, with the radiator at tjo°, air entering is warmed from 70 to 131°, to what tempera- 






ture will it be warmed when the radiator is at 260 ? 






Radiator column corresponding to 1 ;o° — 70 — 8o° difference, and 131 — 7O' = 6i 






increase, is B. The number of degrees that the air is warmed for 260° — 70°= too" dif- 
ference (Col. 11) is 146. Hence the required temperature of the air leaving the radiator is 










l46°-)-7o o =It6 . 






Example 3d. The effect of changes in the temperature of the air admitted to the 






radial it. 






Radiator, its ; air admitted at 62 is warmed 8o n . To what temperature would it be 






warmed if the air entering is at «ro? 






Radiator column corresponding to difference 150°, increase 8o°, is I. The number of 
degrees that the air is warmed for 2l2°~o' , =:2i2 difference, col. !, is (approximately) 










lia°. Hence the required temperature of ihe warm air is 1 i2°-|-o = 112 . 






Example 4th. Conditions for *nif$rm Umttraturs of the air warmed. 






Radiator at 21 5°, air entering 5:" 1 162 . What must tie the temper- 
1 ature of the radiator in order that • at xero the warm air is still 162 ? 










Radiator column ■ ■ LbbbbbbF - $S°~ '° 7 ~ ' ncrease - is 

E, The difference > -ase (col. E) is 240 , and 240- 
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1 — o°=24° 3 is 'lie require! 
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Hut: Its Science, Production, and Application. 

In the following plate. No. 85, is seen the oldest, and we may say the 
best, forms mid arrangements in cast-iron mdind footer*. We use the 
word •■ l<-'it.-r" here intentionally, aa the designation "radiators" does not 
properly apply to heating del toe* that an ool in tlie rooms to be warmed, 
but in boxes or chambers below the floor, and rely solely upon their 
power of wanning the air by contact with their hot surfaces. 

This matter was treated somewhat at lengtli in a former chapter, and 
was fully illustrated by diagram 16 and table 9, and will be again 
referred to later, when considering the methods ol beat transmission. 

The middle " heater " ti is the celebrated Gold's pin extended sur- 
face, invented by Samuel Gold and put into practical use in I 
thus may stand as the earliest device for warming rooms in dwelling- 
houses by the "indirect " warming of the outside air, which is then sent 
to t kit- rooms through tin pipes and rognten. 

As we have l>efore suited, this proved, not only the most efficient 
indirect beating surface ever produced, but it embodied those 
conditions of warmth and ventilation of homes not before attempted, 
and not since excelled by later inventions. 

Still, it was a long, long time before the trade learned to estimate the 
Geld's pin radiator at its full value. A single bar of the 
pattern did not measure hut eight and five-eighths feet, and . i 
it up alone it proved equal to any ten feet of pipe or other heating 
surfaces, at which it has always been rated.* 

Letter A of the same plate shows another form of extended indirect 
heating surface, the Whittier, which at the time (1871) it was supposed 
would take the place nr answer the same purposes as the Gold's pfn. 
This, however, was not the case, as the flat form of teeth was not so 
favorable for the conduction of the heat of the liody plate to the rim of 
the tooth, and even with greater depth there was not as much air 
wanned or to as high a temperature. 

This form of tooth was later put into a direct radiator, and lias, owing 
to favorable construction of bar, giving a positive return l>end circula- 
tion, lieen very much used, both for steam and water; the main dnW- 
back being, as now readily seen, a serious loss of efficiency in the line 
of liirtct riulinfion ; the flat teeth, standing close and nearly parallel to 
each other, give out almost no direct heat rays, the final loss 
ing to over 2"> per cent. The lower figure (', same plate, show 
and mon- favorable heating section for indirect air wanning ; I 
or rile not standing so near together, more of the original plate B 
available, while the positive circulation accomplished by this method d 
joining contributes to the higher duty obtained. 
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Indirect Cast-iron Radiators, Extended Surfaces. 



AUTHORITIES: 
Richards, Baldwin, 
Wariior, Gray, Reed, 



(A.) Charles Whittier, 1871. (B.) Gold's, 1801'.* 




IIkhiht. lOinchi 



GOLD'S PIN RADIATOR. 







■ Manufactured by the H. B. Smith Co., Weatfleld, Mass. 



t CLIMAX INDIRECT RADIATOR. 
FOR STEAM OR WATER CIRCULATIONS. 

Length, 3 feet; Height, 11 indite; Width, nj inches, 
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Plates Nos. 36 and 37 illustrate the axiom before stated, that the 
depth of the heating or pipe surface over which the air may pass has 
little to do with the efficiency or total work accomplished. They also 
show that it is a clone contact of the air with a heated surface* rather than 
a great height, that renders the heater more powerful and certain to do 
the required work. 

In figure 1, we see that eight pipes high in a plain box coil would not 
raise the temperature of a given body of air so high as the two pipes 
high in the other figure wound with spiral wire, and also that the whole 
work of the box coil was less with three times the pipe surface. 

Plate No. 37 shows an enlarged view of the wire-treated pipe, and 
also a view of the combined surfaces as made up into heaters. 

This is a clear case of conduction and radiation; the wire, touching 
the heated surfaces only at intervals and with the smallest possible 
contact, is still heated mainly by radiation ; the hot rays, passing out- 
wards, are intercepted by the wire coil, which in turn heats the air 
brought intimately in contact and with greatly increased surface, so 
that this auxiliary surface is little less powerful than the original pipe 
containing the live steam. 

This compound heating surface took engineers by surprise, as well it 
might. The writer, even while well acquainted with the superior 
power and value of the extended surfaces (patented by the father of 
this invention), could not at first credit the statements made of the work 
done by these comjM»uud coils. They were, however, tested by that prac- 
tical engineer, W. J. Baldwin, in 1885, and by the writer later at Buffalo, 
when he found that the former tests were substantially as stated; viz., 
that 00 feet of this compound coil, made up of one-third wrought-iron 
pipe and two-thirds wire tested with *>0 feet of the original Gold's pin 
radiator, gave 01R) units of heat per rated square foot of surface i>er hour, 
with an air supply of 300 cubic feet of air. temperature of 82° Fahr.* 

It is thus seen how little of the real facts of the true value of any 
heating surface can be learned by simply looking at it, and then forming 
a judgment based on an entirely different surface and condition. 

The winding of coils of No. 14 square wire, of strong elastic tension, 
around one-inch pipes of common return l>end coils (two pipes high) 
constitutes the main feature of this invention; while enclosing the 
same in sulistantial casings, lined with tin, which serves both for ship- 
ping and for the final adjustment of these stacks beneath the hot-air 
pipes and registers, simplifies the almost endless details of steam and 
hot-water heating construction. The plan combines compactness, 
lightness, strength, rapidity of circulation, durability, and economy of 
time and labor in their erection. 




* See tables No. 9 and No. 13. 
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•This auxiliary surface adds to the advantages above enumerated 
great heating power ', as it is impossible for a volume of air to pass through 
this heater without being completely and promptly warmed, as the main 
current is broken into innumerable smaller currents by means of the hot 
coils. 

In indirect steam heating, one linear foot of one-inch pipe, coiled 
with wire, is equal in heating power to three and three-tenths lineal feet 
of one-inch pipe ; while in hot-water heating, one lineal foot of one-inch 
pipe, coiled with wire, is equal to three and seven-tenths lineal feet plain 
one-inch pipe. 

The difference in the relative heating powers of one-inch compound 
coil and plain-pipe surface, when steam is used and when hot water is 
used, is probably owing to the fact that in hot-water heating the circu- 
lation is checked more by friction than in steam. In the compound 
coil the steam or hot water makes but one turn, while in plain-pipe coils 
eight or ten turns are made. 

The air supply for indirect radiators is generally at a much lower 
temperature than that for the direct, being drawn from outside and let 
into the stack, whence it is drawn through the heated chambers either 
by the suction of the ascending column of heated air, or impelled by a 
fan and mechanical appliances. 

The increase of the heat given out, due to the temperature of the 
entering air being at 32° instead of at 70°, is, by table No.ll }£for pipe 
coil al)out 28 per cent. This gain in efficiency is counterbalanced 
by the almost total aliseuce of radiation ; the tin lining of the box 
containing the stack l>eing at a high temperature, but little heat is 
transferred to it from the stack. 

If in an indirect stack of radiators a larger volume of air is blown 
through the openings between the heated surfaces, they will tend to be 
cooled more rapidly, and so give off a greater amount of heat. 

For low-pressure steam or hot-water circulation and a difference 
between the temperatures of the entering air and the pipes of 196°, an 
average of results with different radiators gives 277, 411, 565, 697 heat 
units per foot per hour respectively for, 118, 210, 326, 419 cubic feet of 
air supplied per foot or surface per hour (table No. 12, columns I and 
N), or an average of \% units per cubic foot additional air passed. 

When the pressure in the pipes is increased, the temperature of the 
steam rises also; an average rise of 2° per pound pressure additional for 
the first 35 pounds, 1° for the next 35, and so on (table No. 14, column 
\V) ; and, as the pipe or radiator has about the temperature of the steam 
or hot water within it, more heat is given out by the hotter surface 
corresponding to the temperature of the steam. 

• Extracts from Gold's circular. 
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PLATE No. 37. 



Details of Wrought-Iron Pipe with Extended Surfaces. 

Gold s Compound Coll and Pips Surfaces shown In Plate No. 36. 

rhese two cuts also illustrate the general difference in construction, operation, and results between 
Cast-Iron lNlintKcr Radiators and Pipe Surfaces in Compound Coils. 
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Plate No. 38 shows a full stack of the Climax heating surf: 
casing, with a cold-air supply and warm-air delivery to the rooms atx»ve. 

The writer has not personally made any experiments with thi- JMltio- 
ular heater, hut from such data as was obtained by the Griffing Iron 
Company the surface stands for the same air and average conditions: fur 
the Climax, 815 units; Gold pin, 866 units; wrought-iron return )>eiid 
radiator, 76G units per square foot per hour. 

While these are the common and desirable arrangements, it is seldom 
that they are practically carried out, and the stack properly bid 
with room above and below for the entrance of the cold, and deliver 
of the warm, air. 

The cold air is entered at the opposite end from where the warm a 
is taken away; the top of the casing is pitched to the delivery, which i 
as it should be in every case, above the Boor, not through it; as beaidi 
freeing the floor and carpets of an objectionable opening, there is 
positive gain in the work of the whole stack, due to the increa 
of the warm-air delivery ; the power in all of these cases being ; 
square root of the height of the confined warm-air column. 

Although this mode of delivery of warm air and location of regis) 
is well known to healing engineers, the architects and owners are * 
to understand its plain and decided advantages. That somen 
mon trouble, a reversed circulation or stagnation of the warm-air deliv- 
ery, is not likely to occur with a title register, neither is the sUick liable 
to be filled up with chips and all sorts of dirt during the construction 
of the building; as, owing to the nature of the surfaces, it is almost 
impossible to remove the accumulated tilth that is sure to be thrown 
into such inviting openings. The only efficient remedy for this unnec- 
essary evil is to burn the stack out before the dwelling is occupied. On 
the same plate, letter B, is seen the arrangements of the Griffi 
pany for introducing fresh air in connection with a direct radiator. 

The lower cut (B) on the same [date shows how fresh-air inlets may 
be best arranged for direct radiator*. There are other ways for admit- 
ting air without as much cutting and hooding as shown. One is to 
avail of the space generally left below the stone window sill ; then by 
conducting the air back of a partition behind the radiator, it m.iy 
answer every purpose of the more elaborate and expensive plan. 

That radiators placed in moms and simply warming the sans, 
and over again have really no sanitary advantages over the 1 
now quite generally understood, and several devices have 
attempted for securing a supply of air in the above simple way. 
fresh-air inlets and means for controlling the entering air are the I 
difficulty, and often cannot be had without cooperation with the i 
tect when the building is in process of erection. 
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SUPPLY TO DIRECT AND INDIRECT RADIATORS. 
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There has been much effort to construct and arrange plain cast-iron 
or wrought-iron pipe surfaces for indirect heating. 

This cut shows a group of casi-i I bers connected by header 

or branch tees. The pocket* interlocking bring the surface quite near 
together, ami with a depth of nine inches. The air was warmed to about 
the same temperatures as the Gobi's 1'iii radiator. See table No. 12, 
page 3b'7, experiments 7, H. and '■'. in which we find effici 
Gold's Pin 814, Wilworth 816, Mills 




Till' following plate. No. ;i<l. shows fun her methods oi CO] 

indirect heating surfaces in the basement, also twu kinds i 
for enclosing the same ; where tin- flour space is not required for | 
purposes, the lirirk chanoVr is pivi'ci able. ;i> less heat is i 
through the brick walls than through U.xes having iron sides. 
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PLATE No. 39. 

Casing of Gal. Iron and Brick Setting for Indirect Steam Radiators.* 
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EXPLANATION OF TABLE No. 12. 

Table No. 12 is. as eesn, the a p cri m mt al result obtained from n 
indirect heating surfaces under tin- various OOfkditlom to which sm 
"nuiiiitnis "' hare been or may be employed in praetioe, 

In compiling and arranging the work tn the table, tlM aHual resu 
Jit, ir ii.'l by each experimenter are stated under columns A, 1J, C, D. E, 
anil II. Where the eir raportod did not agree with the amount chu 
to the heat actually surrendered (column H). it has bean Demented, 
and is shown by column I. 

The experiments are, as seen, arranged in the order of the amounts <if 
air supplied and passed "vuv each slack, .nnl are stated in column I, as 
per square foot per hour. 

Assuming that one unit of heat will raise the temperature of 52 
cubic feet of air at standard density (.0807, or that due to a temperature 
of 32° Fahr.) 1°, the whole amount of heat transmitted to the air is 
first ascertained by weighing the products of condensation of the steam 
(one pound of steam condensed l>eing equivalent to 1,000 units of beat). 
This, mulliplied by the number fifty-two, is the cubic feet of air that 
would be raised 1° by the heat actually absorbed by the air. Finally, 
dividing by the number of degrees that the air is warmed in passing 
through the radiator, as ascertained by a thermometer placed at the 
entrance and the exit (values of which are given in columns D and E), 
the total number of cubic feet of air that has been warmed is obtained. 

The amount of air that is passed practically determine* the efficiency 
of the radiator; also, the same radiator, differently set. will pass very 
different amounts of air, the duty, as shown in columns L and M, 
varying correspondingly. 

It is evident that the draught of heated air through radiators is as 
variable as through chimneys, Ix'ing for the same flue sometimes good 
and at other times poor, due to the conditions of temperature) etc. 

The table shows that the work of a square foot of indirect heating 
surface is nearly in proportion to the air passed over it in a given time, 
and that a foot of indirect radiator under its lowest duty and rating U 
equal to a foot of direct radiators standing in the rooms to be warmed. 

Column J shows the cubic feet of air corresponding to an in 
temperature of 100°; while K and I. are the units of beat also resulting 
from H ; the final column, M, being the total heat resulting if each 
radiator had been tested under the same, temperatures of steam and air. 

By this final column we also see how nearly uniform are the results obtained by 
different e.i]'Ciii neuters ami r:idi;iti>rs when under tln> same conditions of air and 
steam. Wo note, however, one exception, that all of Richard's results with llw 
Gold's pin radiator are higher than those of any other engineer; also, that, while 
the air was stated, the water of condensation was not given, but is calculatrd from 
the total heat surrendered. 
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EXPLANATION OF DIAGRAM No. 10. 

Diagram 19 shows the heat from indirect radiators with differ* 
amounts of air supplied. The line data is from table No. 12. 

Lis* A shows the amount of heat per square foot of heating 
stirface if the temperature of the air is raised 100", the initial density of 
the air being that due to a temperature of 82* Fahr. 

Lines B and C are plotted from experiments with two radiators, 
represenla lives of wrought and cast iron construction ; B, the standard 
Gold's pin, and C, the wrought-iron box coil. The small circles refer to 
the results of actual tests, the number attached to each being for refer- 
ence to the same test in table No. 12. 

The curved dotted lines show the heat transmitted by air in contact 
with metal surfaces according to theory of Rankine and Professors 
Thurston and Trowbridge, the lines selected ljeing the nearest to those 
by experiment shown. 

In the lower diagram, No. 20, line D, we see that practically die 
same increased efficiency of heating surfaces may be obtained by raising 
the temperature as by increasing the quantity of the air passed. 

The heat in this line D is obtained from a constant supply of air 
(644 cubic feet) and varying steam temperatures due to the different 
pressures employed of from 1 to 20 pounds. The circles on the lines 
are for experiments with the Walworth wrought-pipe radiator. 

Line E also passes through the same increase of teivq>e rat lire, but the 
air is limited to that obtained from a ten-foot flue, and thus fills in the 
scale from 420 to 780 heat units, or about when- the line of larger air 
supply logins. 

Line F shows the general and common condition and results obtained 
from indirect heaters with steam or water circulation and gravity 
pressures found In the average conditions of indirect heating and 
delivery on the first floors of dwellings; and we see that by doubling 
the pressures, from 2}4 to 5 pounds, and from 5 to 10, and from 10 to 20 
pounds, we get a corresponding increase of heat of about 20 per cent for 
each time we double the pressures. 

In the last section of diagram 20, lines (1 and II, the results with 
steam ami water circulations (gravity conditions) are compared, all the 
experiments being made with the same heaters; the steam experiments, 
however, not being carried above 10 pounds pressure, while the. Wate 
line is run out to its legitimate results at a temperature of 800 
other tables; and we may thus note the greater flexibility of the water 
line, beginning to give off heat at a temperature 100 3 lower than the 
other, but at tin: same temperature would only be in the middle of its 
possible and practical efficiency. See also tables 10, 12, and 18. 
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DIAGRAM No. 19 
GRAPHICAL REPRESENTATION OF THE HEAT FROM RADIATORS. (fimmn 
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In tlif following table, Xo. 18, may l>e seen the continuation of 
experiments under y rarity mmfitlonx and bar temperature steam and 
trater rireuhitinHH^ also in the last experiments the increased effect 
obtained with a ten-foot Hue, and finally the results of using a blower on 
the same surfaces. We may also note that the temperature of the 
water of condensation, column I), is scarcely affected by doubling and 
trebling the quantity of the air passed. 

Steam and water within the radiator at equal temj>eratures have 
nearly the same eflicieney in warming air. Owing to the great specific 
heat of water and its density, the amount of heat contained within the 

* 

radiator is much mvater for water than for steam: but the latter flows 
more rapidly, and its condensation on the surface of the metal lil)erates 
latent heat, which becomes sensible in the iron, and maintains it at nearly 
the same constant temperature. 

The standard for measuring the efliciencv of indirect water coils and 
heaters is substantially that employed for steam: viz., the amount 
of heat that would be imparted to the air in a given time by a square 
foot of the surface. 

The conditions are fully set forth in table Xo. ltf, liein" the results 
of numerous experiments by W. .1. Baldwin and the writer. Thev are 
as seen on ei«rht different kinds of heaters, and embrace all the various 
conditions met with in this clas> -.f warinintf. We mav call attention 
to the fact that in the final summing up, column M. we note the units 
of heat for similar and standard conditions: steam, 8 80 ; water. 859. 
The deductions to be drawn may be summarized as follows: — 

1st. That there is a "feneral agreement anions engineers and experi- 
menters as to the duty and value of any heating surface when placed 

It/'tfrf HUllljl HH'/i /' ///♦" Sffllli' i'ttil'l (t inns "t Jntlt <lil<l till'. 

:M That as air is the onlv medium of conveyance from indirect 
heaters t«» the rooms to he warmed, the supply and delivery of the air 
is practically the whole question, as far as the value of these heaters is 
concerned, and that in effect it is not how much of any kind of heating 
material is employed, but is it so arranged and combined as to yield its 
highest possible din v '! 

For the first-floor delixery (gravity conditions') impeded by gratings 
and registers, we may not expect results higher than shown by our first 
nine experiments.'* and with one hundred cubic feet of air passing per 
square foot of surface per hour. lM*5 units. 

The next two groups, experiments It) to 25, may l>e taken to repre- 
sent the work done on the second floor or under a ten-foot flu&t£Mt 
units; the last live results beintr the heat that could be obt 
air in the stated quantity were supplied to the radiators by 
mechanical means. Axerage, 1**4 units per foot. 

^ • StM- laMo Nil 12. page W7. 
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T.ibli' Mo. 18, page 371, gives the result of experimental with indirect 
ndiators where water is tie heating medium. The examples in i liis 
table include experiments made by Mr. Win. J. Baldwin and the 
author, the indirect radiators tested being tbe Mills (intflriofflring 
surface)." t lie Gold's Pin (oast iron with extended surface), and the 
compound coil (extended surface, wrought iron), and the ordinary pipe 
coil, and Albany radiators (cast iron). 

loess experiments showed that tbe temperature of the air (as would 
naturally be expected) was the same for water and steam at rimilar 
ti-M/ift-jt)! }■■■', the Burfaoe showing a nearly equal efficiency. 

Tbe duty of indirect water surface here ranged from 100 to 400 
units, the air being increased from 100 to 200 cubic feet per foot of 
surface DM hour. These amounts of air were drawn through the 
radiator by tbe suction of a flue ten feet in height. 

It should be observed that indirect surface may oe supplied with 
water at a lower temperature than direct, since, by increasing tbe 
amount of surface in the stack, tbe temperature of the air delivered to 
the room** can be maintained. 

FIGURE No. 20.-IMPROVED GOLD'S WATER PIN RADIATOR. 

Tlie UiwieJ bar liiathaigra JBjb\ Uieilrattl 




The power that would be obtained by the more rapid cooling, by 
decreasing the sizes of the pipes and compartments that expose tin 
water to the cooling effect of the air and radiation, may be secured n 
east-iron radiators by extended surfaces, without incurring tbe 
tages of decreasing the channel for the flow of the water. By means 
of solid projections in the form of pins, gills, etc., the cooling of the 
water may be more than doubled, or even tripled. 

As the inside surface remains smooth against which the water circu- 
lates, and allows an ample and unobstructed channel, there is no 
increase in the frii'tiimal resistance, which is sometimes fatal to the 
employment of small pipes for a like purpose. 

Radiators of this construction are illustrated in plate 86, and in 
example of tbe same principle applied to \v rough t-iron surf n ■ ■ 
form of a spiral coil wound around the outside of the pipe, i- 
plate No. 37. *s« pigs aw. 
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PART V. 
HOT AIR AND STEAM FURNACES. 

CV 1 A VING fully considered tlie generation of heat, its absorption by 
y ** boQan iind furnaces, and its progress into and through varioua 
C 1 ^ heaters and radiators, we have now to examine the mediums of 
distribution, which must also include the systems by which the 
heat ia conveyed to the radiators, and from tlieiu to the rooms and 
spaces to be warmed. 

PrOJD the writer's special devotion to other systems than hot air, it 
should not l>e expected that he lias had any individual exporiences and 
sertainly no preferences for this more than common method of mis- 
applying heat. 

Vet, to write or treat of heat in its special use and application to 
buildings, and not notice the most common and oldest application of 
it to domestic and commercial uses, would indicate either a want of 
knowledge or a lack of fairness towards a prominent system and those 
who have labored to advance and perfect methods which, so in speak, 
have been the stepping-stones for those who either write or wail; bo-day. 

While there is much in a hot-air furnace and the usual method of 
securing and circulating the air that is both doubtful atul dan-emus, 
it does not follow that there can lie nothing either safe or desirable in 
such a system; and the special hue and cry of nearly all partial eoii- 
Daeted with and operating other systems seems open to counter-charges 
of ignorance of fact and a willingness to distort truths in the interest 
of their particular trade and vocation. 

The author's position in this matter is easily defined, being a " free 
lance;" unencumbered by rival interests of manufai ture >>;■ sale, he can 
look up and down the lines of those who Strive ; -; power and place, 
desirous mainly to ndvance the v both furnace, 

steam, and water-heating systems 

and to all those who have labored p ard to 

immediate return. 
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Thai there could !*■ a good and reliable warm-air furnace system, 
then should be meatjon. That there are more defects possible with 

.1 hi ■■'■■■.:>. fomaee than with steam or water methods, need not be 
denied; yet, in view of the many actual and probable failures with all 
other methods, it seems well to go slow, when condemning any system, 
because certain individuals make failuree in applying it. Sued criti- 
omms as the author offers are in this, as in other oases, advanced only in 
the interest of all bis readers, be they manufacturers or oonmunem. 
So with any words of commendation; they are rocordod beeanse there 
is m> Bystem without its good points, or without true and faithful 
workers in the lines that they, iis well ns their competitors, believe to 
be sound and remunerative. 

The earliest writers on the construction of stoves were Kesler, 
of Frankfort, in 1*114, Savot in 1625, Glauber in 10l.i9, and Delesme in 
1686. In 1T18 M. Ganger published a treatise on the <-ii[istrucii'>ii of 
are-places; it contained a most lucid explanation of the methods >>( 
economizing fuel, based on the soundest principles of philosophy. It 
was the first attempt to "Pply l ' i e known lawn of heat to the construc- 
tion of iiiv-places. 

The translator. Dr. DcsguUers (1715), added a chapter on stoves, and 
the work in that new form was a complete epitome of all those prin- 
ciples that Franklin and, after him. Count Mum ford so sncceasfnuy 
brought to the public notice, and which, if strictly carried out, woald 
form, even at the present day, the best guide to the proper constrnetion 
of stoves and fire-places. 

In 1796, Count Kuinford published his essays on the *• Management 
of Fire" and the "Economy of Fuel." The error shown by If. 
Gauge r to exist in the construction of fire-places still existed, and 
Count Kuinford stated that, in order to obtain the greatest effeot Eton 
the fuel, the sides of the fire-place ought to he at an angle of 1 ■!.". witli 
the back of the grate. The reduction in the size of the throat of the 
chimney was an improvement which he effected. 

Dr. Franklin, in 1744, invented a stove for burning wood, in which 
lie introduced the principle of heating the air. much in the manner tiiv-t 
recommended by M. Gauger, by means of a double or hollow back. 
Tins stove was in the form of an oblong box with the front ivinoved. 
The smoke escaped over the top of this Hat chamber, and passed ttsna 
wanh between it and the real back of the stove, and then into the 
chimney. (Franklin's Works, Vol. II., page 225.) 

This hollow chamber communicated underneath the stove with a 
tube opening into the external atmosphere, and a quantity of air thus 
passed through the fiat chamber and into the room through small holes 
left in the sides. 
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Il'ii- appear* to hi' a a <• a rhj ami perhaps tin -first attempt to construct 
tamemieal riovai or furnaces ccmbineil u-iih tin' principle of tcaatarjf 

hfiiUmj hi"! air supphi tn enehisei! mum*. 

< >n tin' general subject of furnace or hot-air beating, the writer is not 
supposed to be equally versed as with the details of a steam or water 
apparatus, Hut vhere the difficulties of Bueoasatu] application and the 
many failures of the system are common property, the writer may be ex- 
cused his references. He does not seek to parade these unduly because 
his own efforts have been in another and more favorable direction. 

He would even prefer to say a good word for the points of value 
which a warin-air system might possess in the hands of educated, 
skillful, and honest men. 

Certainly the hot-air or furnace system is the first on which we 
emerged from the barbarous condition of close stoves and no pure air 
supply to whatever of value we can now show ; and it was to a furnace 
man and writer that we owe the first, and I had almost said the best, 
exposition of the principles of rational and sanitary heating extant. 

Ruttan System. Doubtless most of my readers have heard of the 
"Ruttan system of warming," and perhaps have not heard any good 
of it. unless they have come in contact with its late and changed 
construction, or, rather, what has been worked out of the principles which 
Mr. Ruttan advocated and his experiments to prove them. Standing 
in relation to this, as to any furnace system of warming, with nothing 
to gain, and being, so to speak, on the other side of a competitive line 
between steam and furnace goods, the writer is yet moved to say a few 
words about this early inventor and of those gentlemen who, having 
faith in the principles laid down by Ruttan, have carried his banner 
through kittles innumerable and on to victories, over which both they 
and the whole heating fraternity mnjht to fed proud. 

It has been the custom to extol with pride the discoveries of Watt, 
of Fulton, and of others, whose inventions did not cany them further 
in the several sciences than did those of Ruttan, and whose devices 
have been so unproved upon as to leave them unrecognizable to-day. 
Why, then, in another although humbler line should any strive to 
ignore the labors and belittle the efforts of those who have first put 
their word on record, and have, after years of labor and the expenditure 
of thousands of dollars, made the warming and ventilation of buildings 
by a furnace method a signal and lasting success'/ 

Writers and others supposed to be versed in methods for warming 
and ventilating buildings have found it convenient I" -nwii at or "be 
amazed" at some of the expressions of Mr, 
found self-satisfaction," when giving his 
to the world. They also quote glibly \ 






Heat: Its Sciknce, PRODUCTION, ami Amplication. 

early applications of the principles and theoriee advocated by him. It 
may be Mated that, when Mr. Rattan wrote, in 1862, there were no 
books in print in this country that could compare with bis treatise, 

illustrated, u it was, with fifty-four colored plates and diagrams. 

1843, when Mr. Huttan first began bis experiments, was a -late when 
ideas relating to wanning and ventilation may have been, B8 they douht- 
laM ffefo, in a crude state. Certainly but few of the men now engaged in 
the manufacture or application of beating apparatus can eompara note-, 
while even those who have theories to-day to expound may profitably 
consider that, forty years before they put pen to the paper M hand to 
the wheel, Huttan had laid down prinriphx and precedent*, which must 
be incorporated in any practical and successful heating apparatus, be it 
of the furnace, steam, or water variety. Of course, contempt 
later furnace men found comparisons between what they hail to offer 
and the Rut tan goods and methods odious; and men who have all their 
lives been trying to "put the camel through the eye of the needle" 
have no patience with those who reverse this old-time practice, pat the 
needles on the camel's back, mount with them, and ride to u successful 
market. 

Neither can any commendation be expected from men who make or 
sell steam or water-heating apparatus. The furnace man and all lus 
methods are to them alike a delusion and a snare. 

Dr. John S. Billings, however, writing in 1884, while dissenting from 
some of Mr. Ruttan's theories and manner of expressing tiiem. was yet 
moved to say : — 

"Although I cannot admit Mr. Hut tan's claim to have discovered the 
only perfect system of heating and ventilation, there is, nevertheless, 
much in his book that is true and suggestive to the architect, more 
especially as regards private dwellings. 

" Mr. Ruttan says truly : ' If you open your aperture at the top, and 
the air you bring in is warm, or if you open the aperture at the 
bottom, and the air you bring in is cold- — ■ in either case the body of 
air will not budge ; your warm air will go through the body, straight 
to and out of the top sjierture; and the cold air will do the same 
through the bottom ajierture. The consequence of this state at things 
is easily seen — you will neither warm, cool, nor ventilate the room. 

" ' But if you want to ventilate your room to warm it, and open the 
bottom aperture, you will wucceed in both ; and if you wish to ventilate 
your mom to cool it, and open the top aperture, you will succeed in 
that; because in the first case the fresh air will be the warmest, and 
will not stop until it comes in contact with the ceiling, where, spreading 
out in level strata over the whole ceiling, it will keep its relative posi- 
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tion to the whole body until it reaches thr bottom and passes out 
ihmiigh the aperture; utd so of the cold air, if you open the top and let 
the air out through at that point. In both coses every particle of air 
should be removed from the room, because, as air of one temperature 
cannot, by any means, be made to move or stop out of its level, it 
follows that every particle of every stratum must, in its turn, leave the 
apartment 

" ' If we want to ventilate our room to cool it, we must let the air out 
at or near the top, and supply its place with cool air, which, of course, 
will distribute itself over the floor of the apartment; and this has been 
the policy in nearly all of our former modes of ventilation ; cold air is 
introduced, and while taking up the heat from the occupants of the room 
and the fire, immediately escapes through an aperture provided for the 
purpose near the ceiliug. Thus proceeding on the erroneous notion that 
cold air only could be pure, they have actually been freezing the people 
when they wanted to warm them. 

*"If. on the other hand, we wished to ventilate our house and warm 
it, we must take the air out at or near the bottom, thus keeping up a 
continual exhaustion of the heated air; and if we wish to set the liody 
of air in the room in motion, upward or downward, we must, of course, 
bring in the necessary amount of outside air to do it. If we want to 
warm the room, the air we bring in must be warm, and if to eool it, it 
must be cool. It depends now entirely upon where you open the aper- 
ture to let the air out whether you set this body of air in motion or not.' " 

This is the earliest and soundest dictum given by any writer on the 
warming and ventilation of buildings. 

The most that has been accomplished in the way of heating by 
means of hot air, where ventilation at the same time has not been 
ignored, ha* been done by the go-called Ruttan, gyktem. The system 
combines the patented inventions of Henry Ruttan, of Canada ; I. D. 
Smead, of Toledo ; and B. R. Hawley, of Ohio. 

For heating, the tubular furnace is used, which, on account of the 
large surface that is thus brought in direct contact with the fire, is 
economical as a consumer, and the large surface which is also subjected 
to the air, makes it effective as a heater. 

The fire box, by its construction, presents a large surface to the !ire 
and the air. The surface is further increased by requiring the smoke 
and burned products to pass successively through the tubes. The 
furnace is set in masonry, into which the told air is admitted for warm- 
ing, and passes out at the tubes into I thod of admitting 
the heated air into the room is emb of Mr. Smead, 
patented hy him in 1882.* 

* For cute (>I this furnace in 
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In the Ruttan system the foul air is drawn out of the room from the 
bottom, through registers near the floor. These outlets are placed, 
when convenient, on the sides of the room op[>osite the final outlet ; so 
that foul warm air, as it leaves the room, will pass under the floor, 
which it is thus intended to warm. The foul air, thus passing from the 
adjacent rooms, is all collected into a foul-air room adjacent to the 
smoke chimney, into the lx>ttom of which it communicates by a large 
opening. The theory and practice of the system may be summarized as 
follows : — 

The air, warmed by the furnace, rises through the air flue into the 
room, where, within convenient reach, a hand-knob is placed for the 
regulation of hot and cold air. The warm air, after its admission, rises 
to the top of the room, which, on being filled from the top downward, 
presses the cold air down and out through the outlets. The foul and 
cold air, being at the bottom, is thus drawn off, and the upper part of 
the room kept constantly filled with pure warm air. The floor is 
warmed by the warm air as it passes on its way out. This last air 
is kept in motion by the draught of the chimney into which the foul- 
room opens. 

It may be said in favor of this system that it shows throughout a 
studied effort toward conformity with natural laws, and is therefore 
a valuable contribution toward the solution of the difficult and all- 
important problem of ventilation. It is a practical system, and doing 
comparatively good service. 

It appears that the first gentlemen to take up Mr. Ruttan's plans 
were Mr. Hawley, \V. A. Pennell, and Mr. L. Grover, of Normal, 111. 
This wjis in 186-1). The firm purchased from Mr. Rut tan such patents 
as he had, a few patterns, and the right to use his name, their idea 
being to furnish plans and specifications and collect a royalty on the 
same. It was not their intention to manufacture a heating apparatus 
of any kind, except, perhaps, the ventilating stoves. Herein lies the 
key to whatever of failure or disaster that followed, to be repeated by 
several following firms before a practical and efficient heating apparatus 
was evolved from the ashes of these several burned-out fires. 

Had the first or second companies realized that however good a 
theory in the line of mechanics (for heating and ventilating is but the 
working out of the higher mechanical and natural laws), that the 
machines, to fit their ideas and laws, must be invented, constructed, and 
carefully applied, l)efore the theory itself would have any chance to prove 
its value, or themselves reap any reward, their own theory and practice 
would have been differently shaped. But as neither of these gentlemen 
were mechanics or engineers, — two being retired merchants, the third, 





perhaps, like Mr. Ruttan, u sanguine inventor,— they did not grasp the 
mechanical and practical problems involved, and therefore failure was 
scored, not against their individmd weakness, but, as usual, against the 
ideas and plana which they undertook to give a practical trial; and 

manufacturers of rival appliances were happy liccause tlic new system 
had tailed to meet the guarantees of the somewhat unpractical owners. 

It seemed that the point overlooked or not seen at all was that, if a 
large volume of air was to be warmed, there must he a large heat- 
ing surface to warm it; and, its no furnace then on the market had 
ever been called DpOB to ventilate as well as to warm, there were abso- 
lutely no tools with which to do the required work. 

This state of things compelled I'eniiell & Co., and later those who 
joined them, to Invent, construct, and apply a furnace which in the cud 
proved the key to the successful accomplishment of all their wants and 
desires. 

Considerable work was done in the years 1870 and 1871. 

In 1877, the amount of iron manufactured into heating apparatus was 
some two hunihvd thousand pounds, and in 1884 over three million. 

In 1885, two more firms were organized bearing the name of the 
Kuttan-Siuead Warming & Ventilating Company. This was done in 
deference to the engineering ability and experience of Mr. Smetid, who, 
it was claimed, and justly, had more to do with the perfection of the 
system than even Mr. Kuttan, and because, as soon as success did crown 
tin- efforts of this indefatigable and tireless worker, other parties stalled 
up, claiming to put in the Kuttan or any other system of ventilation. 

In these days of piracy and invasion of all rights, patented or other- 
wise, it is interesting to see "the vultures sit on the edge of a successful 
stream (they had not the courage or ability to swim), waiting for the 
tide to run low (the patents to expire), so that they can ' walk over dry 
shod.' " 

It is noticeable that the first furnace attempted under the new ideas 
was of wrought iron, and in the light of that day doubtless promised 
great advantages. We are told that « many of tliem did not hist a 
month," that they "seemed tired of life," "and would sit down with a 
terribly discouraged appearance." It is easily seen that the second 
failure was a terrible backset to the liuttan system and a great loss to 
its owners, as well as a humiliation to its friends. 

In ibis distress, they turned again to their first love, and proceeded to 
construct a furnace of cast iron, which under some modifications 
hronght them through their trouble (in this direction), and star " 
to-day as the distinguishing feature of their final success. 

Hail the writer the time and space, he would follow 
of this forlorn hope as they rose and fell with the 



h & ^r 

' p? Heat: Its Science, Pkodqctiox, and Ai-i-lk atios-. ^ \ 

enter) nine, worthy, shall we say, of a better cause'.' No, for there was 
no better cause for time, talent, iiuil monej than to expend itself m 
the effort to develop and perfect a practical and efficient 
warming and ventil.iti<>ri, 

Whatever may have been the defects of Rattan*! earlier and limited 
applications, tot he wti an old man when he began bo write and 
experiment. Ins efforts were in the right direction, and should place Ida 
name with that of Romford and Franklin, and with that other 
phUoBOpher whuM only plea was, that "lie loved his fellow-men." 

Neither have I any idea that Mr, Rattan in hie booh intended to 
disparage the writings of Reid and Wyman, hut that simply he thought 
that tli.'ii- ideas did nol go Ear enough to oomprife in any mm and 

efficient way "ti mtiiph-ti- «u-l emit intuitu vharti/e of the <tir in it!/ iithnhitr.i 
xtrtn-t ttnx." 

While having no personal acquaintance with either the individuals 
or companies comprising the present Ruttan-Smead firm, the writer ia 
indebted to Mr. Isaac D. Smead for the handsome and instructive dia- 
grams of the movement of air in rooms under heat and the colored dia- 
gram of Smead's system of continuous ventilation, also the two plates 
of the Rut tiin tubular air warmer, and smaller portable furnace, with its 
simple and efficient arrangements for a pure air supply,* 

While there are other ami more modern furnace goods, these, once 
seen, will leave a favorable impression on any practical and unbiased 
reader. See last jwiges for cuts of them furnaces. 

While intending, as stated, no special advertisement of any one 
apparatus, it seems only fair, both to our readers and to the parties who 
have so long labored in a good cause, to state what they claim to 
have accomplished and what seems proven by the testimony of school 
boards and superintendents. 

The following statistics of the comparative cost of warming school 
buildings by the Ruttan-Smead, by steam, and by the old hot-blast 
furnace arrangements are in themselves suggestive. 

They are taken from the circular of Isaac i>. Smead A Co., Toledo, 
The letter from Superintendent H. M. I'arker speaks for itself, and also 
to the point of the other statement in the same line of work. As the 
parties to this circular and method of heating say nothing of a fourth 
system, we may conclude that no eases of wanning by a water circulation 
and apparatus had then come under their oliservation. The writer v 
however, attempt to supply these figures later in connection with t 
cost of steam and water heating in different cities. 
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In admitting the statement of the comparative cost said to have been 
found by extensive and practical experiments, it is due to the writer* 

position, as a steam and water furnace engineer, to say that he cannot 
personally vouch for the peculiar and remarkable gain in economy 
shown by the Ruttan-Smead over the other systems. 

A difficulty presents itself in making practical analysis of the figures 
presented, in that no collateral data are given; we are not tnld how 
much space is warmed in each case, what arc the class and exposure 
of buildings in which the heating was done, or what were the proportions 
of wall and glass in the buildings, and other influencing data. 

Then, although this was in the year 1884—1885, the furnace and 
steam apparatus noted may and likely were of a much earlier date and 
possibly of an inferior pattern and construction, and even under different 
management; so that finally there are many items of importance 
kicking, that would have an important bearing on any results obtained. 

No one knows better than the writer that a great proportion of the 
earlier and much of the present steam-healing apparatus is far from 
perfect ; some of it is constructed of poor material in the way of boilers 
and radiators, arranged and proportioned in such a way as to forever 
preclude either efficient or economical results. 

We have seen all through the first part of this treatise how important 
a part the science of combustion plays in all apparatus for the genera- 
tion of heat; and yet, as this is a science in ehemistry instead of 
mechanics, the average foundry, furnace, and boiler man lias not had 
any conception or control of it. If now a set of intelligent, educated 
men, lient on finding this last and omitted key to all furnace construc- 
tion, combine on any one of the three systems mentioned, superior and 
even remarkable results may be expected. 

That a poorly proportioned and constructed steam apparatus, having 
contracted grate and absorbing surfaces, with small lines of connections, 
should yield none of the desirable results, and be 20, 30, or even 50 per 
cent short of a desired and practical standard, is only what may he 
expected. Tfie silk purse it not yrt nuidefrom the sow's ear. 

Given such an apparatus, — and their name is legion, — connect tins 
to coils and radiators located hi the rooms and without a pure-air 
supply for purposes of ventilation, and there would be little to choose 
between steam and almost any fairly arranged warm-air furnace plant. 

That the Rotten goods and system are superior, might be fairly 
predicted when we see that they employ more than double the grate 
ami absorbing tvrfaoet, and do not lose sight of the combustion at the 
start, or m[ the Hation afterwards. In any furnace 

system of beatinp >ole medium, it must have prefer- 

ences, and will tl r practical details. 
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•COST OF WAKMING SCHOOL BUILDINGS. 

IN TOLEDO BCIIOOL8. 

For winter of 1884-85: — 

With Kuttan-Smead apparatus .... $22.79 per school-room. 
With steam-heating apparatus .... 52.08 " " " 

With hot-air furnace 86.25 " " " 

IX DETROIT. 

With Uuttan-Smead apparatus (frame building) . $25.25 per school-room. 
With steam-heating apparatus (brick building) . 54.00 " " " 

IX WASHINGTON, d. c. 

With Kuttan-Smead apparatus .... $24.20 per school-room. 
With steam-heating apparatus .... 56.00 " " ** 

ELMIBA, N. T. 

With Kuttan-Smead $15.50 per school-room. 

With steam 40.70 " " " 

With hot-air furnace 87.50 " " " 

Tliere are ninety-nine school-rooms in Toledo warmed by the Rnttan-Smead 
apparatus, and nearly as many in Washington. — Toledo Blade, May 18. 

There are now one hundred and twenty-seven school-rooms in Toledo warmed by 

our apparatus — Octolier 1. — I*aac D. Smead <r. Co. 

Elyria, O., May 14, 1884. 
To Whom it may Concern :— 

We have had in use since the 10th of September, 1888, two No. 8, and one No. 7, 
Kuttan-Smead furnaces. These furnaces have been used to heat and ventilate a 
school building. The following statements will show how well the work is done: — 

1st They have warmed 121,1*50 cubic feet of school-room, besides frequently allow- 
ing heat to escape into the halls. This is equal to ten rooms of 12,196 cubic feet per 
room, and that is larger than the average school-room. 

2d. They have ventilated these rooms better than I have ever known school-rooms 
to be ventilated in an experience of a quarter of a century in my profession. 

:td. They have ventilated equally well the water-closets in the basement of the 
building. 

4th. For two weeks during cold weather, six observations of the temperature of 
the high school room, which is 48 x 50 x 16. were made daily, from &3Q a. m. to 
.'I i\ m. At every one of the sixty observations the temperature was 68° or 7(r\ F. 
Tho thermometer registering the above was about three feet from the floor. A 
thermometer was placed upon the door, and remained there all day. Six obaerva- 
tions won* made, and it was t»8 J each time. 

When the mercury was 10° Wlow zero on Monday morning, there having been no 
lire in the building since the preceding Friday, the tires in the furnaces were built at 
D.ttO; and 8..*>0 the tcmi>eraturc in all the rooms was 70°. 

Ah our building was new. we start ed tires every day after entering it, the 10th of 
September, and we have had but few days this spring when we have not started a 
lire in the morning. 

Tho three furnaces have consumed exactly 63 tons of soft lump coal. Ventilating 
stoves (?) heating the same amount of space, have consumed 70 tons of the same 
kind of coal, and have poorly ventilated the rooms. We have saved in fuel, gained 
In even temperature and in ventilation. 

A recent examination into the condition of the furnaces showed them to be in a 
good state of preservation, and that they need no repairs. 

1 urn convinced, from careful observation, that the Kuttan-Smead appelates will d* 
nll that is claimed for it, if the directions are strictly followed, and that amy enenttt I 
man of average intelligence can leant to run the apparatus ~ *~ " *" 

Respectfully. H. M. P. 

• Circular of Isaac D. Smead A Cot, Nate* QL 
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Of the three principal methods of circulating ami distributing heat, - - 

by <ii:\ by *h-<nn. ami by 'ftitrr, — tlmt of heating the iiir ill furnaees ami 

aending it direct u> the rooms to be vanned, while being the most 

universal, i« at tiie same time ihe most limited in its operation, ami I 
illicit say the most unsatisfactory. Not thai this need be so, yet there 
are many difficulties in the way of a Bstisfactor] and permanently <m- 

i-essfnl hut-air itppuratus. 1st. lieeause i if the way the air is wanned, 

it being brought in contact with a plate of iron on one aide, which has 

a fire and direct heat on the other. Air being one of the worst 
possible noii-eotid ue tors, it but poorly protects the furnace plates Erom 

overheating and cracking. 

FIGURE 21. 
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2d. The form of tiff average furnace is not favorable fox the air to 
reach or be brought in eontaot with every part of the heated iron ] ami, 
as the air is but little warmed by conduction, and none by radiation in 
the furnace itself.it follows that the real work is done by but a small 
portion of the surface provided and estimated as available. 

The difficulty of getting air in contact with hot surfaces lias always 

been i with in all classes of " heaters," whether in a furnace) steam 

or water apparatus, and has letl to distinct devices being employed to 
bring about the necessary contact "f the air. 

We may mention the corrugated anil pin surface of the Bt/geian 

footer, where the outside is many limes that of the interior or fire sur- 

lilUple \il efficient means of rrihirhiif the trmprrtiturt. of the 

•*•• while inerea»iii'J t/ii' nir-inii-miiiii tttrf'ti-r* ; seeming, in fait, what 
I in na a sanitary ami siife air-heating apparatus. 

Draniwn.1 Co., 20.1 Tremont Street, Bwtou. 
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Heat: Its Sciekce, Pxoouctiok, ami Application. 

This i>ririi?ipU-. fii-st incorporated in the celebrated QvteT* pirn 

is the ime that gave it a "length of days," Mid ■ value beyond that uf 
liny other single piece of steam-heating apparatus. 

A cut illustrating the compound radiator surface and its application to 
the pipe was given on page Ji .">',', also on page !fo'l. showing the difficulty 
of heating air by plain pipe coil, and the increased height of the stack 
required over that with the compound coil and " pin " surfaces. 

Later, a similar departure was taken by a son of the same inventor. 
and an extended surface was secured on a wrought4ron cylinder fur- 
nace, instead of a cast-iron surface, the results of which seem to be reij 
similar to the former; although the extended surface in the latter case 
is itself first heated by contact and radiation, later imparting its burrowed 
heat to air by contact with itself.* 

FIGURE 22. 
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Returning to the general disabilities of the ordinary furnace, a very 
limited heating surface, limited grate, and generally restricted condi- 
tions are perhaps the mildest criticism that can be passed on a system 
full of special defects, not the least of which is the danger oJ 
the products of combustion through the joints into the heat chamber 
and so into the living-rooms attached to it. 

Nearly every furnace manufacturer and all the dealers will assure a 
customer that their particular construction is exempt from this common 
danger, but it is hardly possible that every one out of thousands of cast- 
iron furnaces is entirely exempt from this grave danger to health. 

• See cut and tables of MperUueutsX.i. 13, p. 371. t E.liram E. Gold £ Co.. Cliff St.. X. v. 
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This also accounts for the mpiil derangement* of the furnace ami [lie 
injury done to the air in contact with it ; while, if the volume of cold 
aii' is reduced, as is often the case, to warm the room ami save fuel, the 
temperature of the bow leu protected plate may. and often does, rise 
to 1.000" or 1,500", and U then ready to set lire to everything which 
comes near either the iron or the air; to this state of things the 
ninnhmhw and distressing fires plainly attest, and also tlie many and 
rigid details of setting insisted on by the tire underwriters and boards 
of inspection. And still but little can l>e done, where the original plan 
of the furnaces is defective, and attempts a large amount of work with 
a small healing surface. 

True, the owner and purchaser is often mainly to blame in confining 
a question of this magnitude to the ruinous effect of competition, since 
it is moraUjf tertian that the lowest price will afford him the hast amount 
qf heati ng and t/rate snrfaee, the smallest pipe* and ret/ittters, — conditions 
which, Unhealthy and uncomfortable as lie may, and generally does, find 
them, he can neither change nor improve short of total removal and 
reconstruction, generally at a price which would have given him a 
liberal apparatus to begin with, and saved him much discomfort, — and 
the trade, the blame which, justly or unjustly, attaches to failures of 
this kind. 

There are many firms and individuals that will not lend themselves 
to a competition where a low price is the main condition of a contract, 
or where they can only hope to succeed by attempting to do that which 
is not practical to any honest and capable engineer. 

It is safe to say that the great majority of hot-air furnaces are deficient 
in grata and heating surface. A furnace with 50 square feet of heating 
sui face and 3 square feet of grate is more than an average size, while 
1 with li»0 and a corresponding grate surface is a white elephant in 
dimensions anil construction. 

On the other hand, a boiler for steam or water healing is xmitll, with 
the largest amount of surface stilted (see table No. 7), while the air- 
heating surfaces (radiators), to compass a given amount of warming, 
will be not or teven timet thefurnaee <trea ; the boiler, to absorb the beat 
of the fire, may be about "2 to 1 of the furnace cited. Sylvester found' 
that a square foot of Ins furnace would warm 1,574 cubic feet of air f!0" 
]hlt hour, yielding 1,800 units of heat per foot, when the temperature 
of the furnace plate was five hundred and siaty degreee ; 700 feet per 
foot per hour, if the plate were one half of the temperature, or If two 
hundred andeujhty dei/ree*, I la- heatiug be 800 units pel' foot 

per hour. Or, in other wonls, if the > worked at the 

same temperature as that of ii would be 

substantially the same. See i "Vahvonh 
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radiator: steam 250°, tfcW cubic feet air raised 70° ==856 units per foot 
per hour. That the work of steam l>oilers and radiators can be 
greatly increased by increase of temperature, is true. And this is 
where the furnace-man lias the steam-man at a disadvantage, ami also 
his customer, when he sells him one foot of heating surface to do the 
work of three, which is only possible by raising the temjierature of the 
plate and furnace and Hues to three times their proper and normal heat; 
and to do this, he must watte fuel in proportion. 

The employment of cast or even wrought iron surfaces in stoves or 
furnaces with a lire on one side of the plate and air on the other, for 
protection of the plate and transmission of the heat, is very different 
than with similar surfaces when water is the agent of protection and 
transmission, the water being nearly one hundred times more efficient 
in receiving and conveying heat away from a plate than air; it is 
practically impossible to raise the temperature of iron or any other 
metal in contact with water any higher than the temperature of the 
liquid. In a steam boiler used for heating, the temperature of the shell 
or tubes would not exceed that of the water, or less than 300°. 

Whatever the temi>erature of the furnace plate, the air is always 
lower, and continually hxsing the heat iirst acquired to the outer layers 
of air and to the pipes used to conduct it away. The difficulty of con- 
ducting the air away from the furnace is familiar to every furnace-man, 
and generally to most people who use this means of warming. The 
small furnaces with few pipes, short, and with vertical delivery, are 
perhaps the exception. 

Where the furnace is large, the pipes numerous, of various lengths 
and heights, an equal work and delivery of the warmed air has not 
been found practical or possible except in the hands of skillful 
mechanics, and employing special devices for the needful equalization. 

This, with other difliculties of moving warm air horizontally, lias 
induced an application of what is called the combined hot-air and hot- 
water furnace, several of which are now on the market, and doubtless 
have advantages in sending a current of water to do the work at a 
distance, impossible to the air alone. 

The matter of the equalization of pressure and delivery of warm air 
from a common heat chamber through pipes of different diameters and 
heights is one of the most difficult and delicate of all the problems 
which confront the heating engineer. It does not confront the average 
furnace-man or the average steam-man, because he never thinks of or 
seeks to provide for it. And yet it is not so difficult to understand, if 
thinking and stud// were any part of his business ; generally they acre not* 
and he cuts and fits for one house much as he does for another. The 
conditions are hardly ever alike, while the laws which govern heat 411 
oold remain the same. 
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The delivery of warm air at different vertical height* is not so 
difficult to understand or provide Eor u horisontal delivery; yet tlufl ia 
often made ;i failure of, owing to a oegleot of certain conditions insep- 
arable from even vertical work, and from ignoring that other important 
question, ei/ualizati-n of pressure in the furnace nr ln-.it rhni:i!-:r. 

The power to move and deliver warm air from the furnace in any 
direction is simply gravity, or, what may perhaps lie plainer, the Hffi f 
<■ nr, -In weight between the two columns of a fluid. This is found bo DC 
proportional to the square root of the different heights of the columns 
multiplied by their difference of temperature. 

Table No. 2fi lias been arranged to show this law for the lower 
temperatures of air in exit flues for purposes of heat and ventilation. 
It shows, moreover, that height and temperature are thefaetere of power. 
See also diagram No. 32. 

In table No. 27, the size of the hot-air flues for steam or water surfaces 
is calculated by this rule, corrected by much experience, ami the power 
is seen to be 25 per cent greater for each increase in height of a story 
of twelve feet. Assuming the temperature to be doubled, then, as 
in the case of furnace heating, the given sizes of pipes and registers 
could be reduced about one fourth. 

Returning to the question of unequal pressure, in a warm-air 
chamber it may be seen to lie due to the power absorbed by the higher 
pipes and freer delivery. That is, a pipe delivering air to the first floor 
;ii two feet of height will be weakened and sometimes crippled altogether 
by a pipe drawing from the same chamber and delivering twelve feel 
high to a second story, especially if this is the case where there is any 
reduction of the cold air supplied ; and, even where there is abundance 
of cold air, there will still be a deficiency of pressure and air delivery 
from the lower pipe. 

If, then, we desire, as we often do, to take pipes of different heights 
from the same heat chamber, the high ones must he reduced in size, or 
the heat chamber must be divided by diaphragms or distances, so that 
the high pipes cannot rob the lower ones. 

In fang heat chambers, as in indirect steam and water heating, a high 
pipe and a low one should not be taken from the same location, i If 
they both must leave the chamber on the same side, the liigh pipe 
should extend horizontally inside the heat chamber to a point remote as 
possible from the lower delivery ; thus the pressure in the chamber will 
he equalized, and the lower pipes will be equally efficient. 

It will l>e seen that the above remarks on the supply of warm air to 
different localities from the same heating chamber apply to all systems, 
whether warmed by li fu] " steam and water 

radiators. 
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STEAM AND WATER FURNACES. 

Plating from the consideration of furnaces with extended surface, the 
next method most closely allied to tin' preceding ia by indirect radiators, 
where the six to l«- heated, instead of being admitted around the furnace, 
is allowed to enter ;l chamber containing a stack of radiators heated by 
steam or water, which is flowed from the boiler to the several parti of 
the basement beneath which the heat chambers are located. 

While it is impracticable to distribute warm air long distances through 
horizontal flues, steam and water may be readily flowed in small pipes to 
any part of the building, thus allowing the heat chamber to he located 
bnmediately under the rooms to be warmed, and only necessitating a 
short flue for the delivery of air, extending from the chamber to the 
room shore. 

Besides the advantage of control over the position of the heat, indi- 
rect radiation affords the means of greatly increasing the area of the 
heating surface, with which the air comes in contact, by the subdivision 
of the radiators into small compartments, and the further extension of 
the surface of these by means of solid projections; the air admitted 
comes in contact with a large surface, and is uniformly heated without 
danger of vitiation by overheat, or by escaping products of combustion. 
Also the superior regulation of the cold and warm air, and the economy 
secured by a comparatively low temperature in the furnace, and tlic 
opportunity offeree! of supplementing the indirect system for roam not 
easily reached, by direct radiators, all of which are peculiar to the indi- 
rect system of heating by steam or water. 

It may apjiear to some readers that in looking for illustrations we 
•elect the old machines and methods rather than the later goods, that 
might, in the nature of the case, claim some superiority from recent dis. 
coveries and better applications. 

We have seen, however, that while there have been advances in the 
method of construction and operation of the common hot-air furnace 
and in the steam and water boiler, that the later goods are but copies of 
the older, with perhaps a change of form and surfaces not always to the 
credit of the so-called improvement. 

While the two following plates arc familiar to the trade, there are 
others not in the steam or furnace business to whom these illustrations 
will prove acceptable, especially as they si iow about all the conditions 
attaching to the latest and most improved steam and water apparatus. 
The subject of house wanning, however, will not be further continued 
here, as it will be taken up again later, under the head of Ventilation. 

In the tables are found the data, Ixith for supply of warm air (steam 
and water heating), also the amount that can be removed through flues 
to secure ventilation. 
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Tin- lii^t early and siuii'CNsfnl rtimfit diiI ion furnace was that of Samuel 
Gold, the first patent for whirl] was gi anted June 21,1869; reissue 
Feb. 16, 1882. See page 390. 

Although this was perhaps the second earliest cast sectional boiler, it 
was the first in the field, and one especially its own — that of low- 
pressure steam heating applied to dwelling-houses and the smaller 
buildings; at least, this is where it has obtained its greatest suc- 
cess, and one unequaled by any other construction or device what- 
ever. 

Although now upon the market for about thirty years and practically 
unchanged in its general features, the demand is as steady and constant 
as ever, and, since the extinction of the patent, is manufactured by 
others than the original owners. 

True, the first construction has been much improved upon by the 
drum and nipple connections, and later by an improved grate," also by 
larger flues and better attention to mechanical details. 

As the Gold sections are of the simplest construction, being little 
more than a flat oblong box of moderate dimensions, grouped together, 
the fire operating upon them and through the flues, iis in a locomotive 
boiler, they have held their own against all comers, and appear likely to 
do so for years to come. 

This success and the reason of it have been more or less of a mystery 
to the rival claimants for honors in the house-warming line, as also the 
efficiency and remarkable vitality of the indirect pin radiator by the 
same inventor. 

That Gold's boiler had some witchery about it, there was no doubt ; 
for, while purchased and handled generally by the " Trade " (so 
called), — persons mainly bred to various mechanical trades, as gas 
titters, pi umbel's, tinsmiths, and galvanized iron workers,— they have. 
with the assistance and instruction of the manufacturers, set the boiler 
in all sorts of houses and conditions, and yet made good the claim 
to warm a dwelling more satisfactorily throughout the whole season 
when heat is required tlian any similar apparatus ever put on the 
market. 

The secret of this uniform success is now no longer a mystery, and 
may be stated to consist, first, in the eojnbination of a water and ittam 
m* apparatus ; the outside surfaces of the boiler furnishing 
(in the chamber) the water heat, when no steam was made, or making, 
and, second, in the liberal supply of us obtained 

throughout the dwelling. 

•Both oiiclmtliig wiMi the auilinf ind tit I \n uf is:-.*. 
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Heat: Its Science, Production, and Application. 
PLATE No. 40. 

•The union steam and Water apparatus, 

THE CHAMBER PARTLY REMOVED TO SHOW THE DETAIL?. 



~ 




-v 



k 



A A are the Sections of the Boiler. 
B B Sticks of indirect Radiators. 
C Damper Regulator. 

Flue Door. E Feed or Fire Door. 

•TheH. B. Smith Co., Mi 



I F Ash Pit or Draught Door. 

G Return Drum. 
| H Water Column with Gauge Glass. 
I J Safety Valve. K Steam Drum. 
ufucturert, Wctitflttd, Maw. 
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TER AS HEATING MEDIUMS.^ 



F the early history of steam heating and introduction of wrought- 
iron pipes into this country, we reproduce on the following page a 
out, which did duty in a New York journal of the year 1841. At 
that date Mr. .1. •!. Walworth took possession of ii smn.ll stock 
of wro light-iron pipe and fittings that hud been sent to this country by 
James Russell & Sons of Wednesbury, England, which had been pur- 
chased by Mr. Joseph Nason, then in England. 

This stock consisted of pipe of various small diameters, and in short 
lengths, with wrought-iron elbows, tees, and crosses. 

No machine-work was attempted in the store, not even to the extent 
of cutting off or threading a piece of pipe. 

The only method of furnishing a pipe measure to order, was to chalk 
out a rough diagram on the Boor full si/.e, and select the pipes of the 
necessary lengths fo make up the required amount. At this date there 
was do other concern in the United States doing business of this kind. 

AW>ut this time Morris, Tasker & Co., then stove and grate dealers, 
commented making wrought-iron pipe in the basement of their store in 
Philadelphia. Thin wax the first wrowyhl-iron pipe ninth- in America. 

Other firms soon after entering the business of wrought-iron pipe 
manufacture, it was pushed on from one stage to another of develop- 
including the butt and lap-welded joint, all made by machines, 
including the seamless drawn steel and brass tubes of almost any diam- 
eter and thickness, and so true and straight as to be fit almost for gun 
barrels, which, by the way, were the first kind of iron t alien ever employed 
.'■■. nteani, or water. 

The application of steam to the warming of buildings in the United 
States practically began with Mr. Joseph Nason, lie was nut only the 
first to make the attempt, but was also the •■ over, and 

adapter of much that is essential, and toy general 

arrangements and details of apparatus SO 
advantage of having been for a short time 
London, about the year 1840. 
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Ami Mr. Hason's earliest endeavor in America was to g 
Perkins system for hot water in small tubes tor the warming of resi- 
dences ;uid other buildings. 

The large extent of heating surface and the great strength presented 
by apparatus constructed of Binall and comparatively inexpensive 
wrought-iron tubes, and the facility thereby afforded for bansmittuig 
heat in any direction from a central source, are merits that lead to so 
]'ii|ii<l :i development of this system of warming, that by 1860, or id less 
than twenty years, there were already many hundred BfltaU 
throughout America for the manufacture of the appar*tQ8- 

Witli the ma- _ Mr Miles Green- 
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to whom is 

■dited the ar- 
rangemenl of a 
uest ni coil of 
vertical tabes 
connected by re- 
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Mr. Thomas T. 
Tasker, ol Phila- 
delphia, who in- 
troduced the first 
o Losed -i ppara- 
tus, returning the 
water of earn 
Hon ta ths boiler. 



duetionof thesys 
tern are associated 
the names of Mr. 

J. J. Walworth, 
of Boston, bro- 
ther-in-law and 

partner of Mr. Na- 
son j Mr. Gregg, 
of New York, Mr. 
J. O. Morse, of 
New York, Pro- 
fessor Mapes, of 
New York, who 
supplied a relia- 
ble steam trap; 

About one year after Mr. J. J. Walworth commenced the business 
in New York, Mr. Nason returned from England, and proposed to 
join him, and introduce what was known as the "Perkins lurfi wwlm 
apparatus," with which lie had become acquainted in eonm-ilion wiih 
Mr. Angler Perkins, of London. They accordingly came to Boston, and 
became associated in the summer of 1842, under the firm name of 
Walworth & Nason. They also did some tteam heating with cast-iron 
pipes, using a patented right and left joint, the threads east on both the 
pipes and at the coupling, 'and the joint made tight by a card-board 
gasket between the ends of the pipes, which had beat) squaieil off fac 
that purpose. They soon after commenced to use small wrought-iron 
pipes for conveying steam, the first building wanned that way being the 
Eastern Exchange Hotel, at that time near what was later the terminus 
ofthe Eastern Railroad. During the years 1845 and 1846 the bus 
rapidly extended in cotton and woollen mills and other buildings at 
Manchester, Salem, Portsmouth, Lewiston, Fall River, and Providence, 
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The want of various new fittings and appliances was soon felt, ami 
tlie firm set about supplying them, such as steam ami gas fittings, 
cast-iron elbows, tee crosses, branch tees, book plates, return bends, 
expansion joints, steam traps, etc. ; also a better system of taps and 
dies, including the scroll plate. The angle valve was produced, and 
then followed the globe valve, substantially as it is now used. Dur- 
ing all these early years of construction and development ol the 
steam business, Mr. Nason took charge of the mechanical construction 
and Mr. Walworth of the outside engineering and superintendence. 

The system of taper screw threads for the tube connections is believed 
to have been originated by Mr. Nason in 184>>, at which time all threads 
were cut in a lathe. The celebrated Nason Radiator was also the 
work of his practical avid inventive mind, but this radiator did not 
appear until the year 1SU2. The principal feature of this invention 
was a wrought tube, closed at the upper end, and having an inside 
diaphragm to promote circulation. The lower end was screwed into 
the radiator base. [This history is continued in Vol. 2.] 

Before passing to the consideration of our next, and as we expect to 
show the Itest, medium for absorbing and distributing beat, we pause 
with some impatience, as it were, at the apparently lost time and effort 
already expended on other issues, which were, however, as seen, necessary 
to a connected and continuous review of our subject. 

The employment of water as a heat carrier is important enough for a 
whole volume ; and that it has received this credit and distinction at 
the bauds of able writer* makes the author's efforts difficult, as but a 
limited time and space are at his disposal, in which to discuss past, 
present, and possible uses of steam and water as heating agents. 

Since, however, the writer's later application of water as a heating 
medium, both for large and small buildings, is based on his former and 
dittuuUve piping for steam, references and descriptions of this system 
are in order — more especially us many persons who have used anil 
desire to use this overhead system do not know either its origin or its 
extensive Introduction. In this connection we may note that, while 
"Appleton's Encyclopedia" gave the system due credit, later writers 
treating of steam heating, and supposed to be informed, did not refer 
to it. The Sanitary Engineer, answering a correspondent, either did not 
understand the question, or confused the old Gold's method of a single 
riser, supplying steam upward, and without any return, with the over- 
head system and downward mupply, which their correspondent evidently 
had in wind ; at any rate, as both the methods, the old and the new, 
are in reality a one-pipe application of steam to radiators, a distinction 
should have been made between them, where one was cited as old and 
entirely out of "fashion," the other system being new and a noted tUCVtft 
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The following copy of the original patent papera, mth tlie letters 
from prominent beating companies, ahowa how As overhead method of 
piping iraa invented and regarded. a few years ago: also that the writer's 
[star application of water, tinder anbetantially the aanie conditions, origi- 
nated iu the same way. It may also be Btated that nil the pa 
the list of buildings acknowledged the validity el the patents, and book 
ou,t licenses in Dae thia unproved method of piping, also several others 
not mi the Sat, who, for nrioua reasons, did not extensively use the 
system. The author's personal applications of the system do not 
appear on the list. 

There were other parties, principally at the West that, seeing the 
value of this method of piping, used it freely, some, perhaps, without 
knowing the DWMnhip of the patents, while others who did know, 
objected on principle bo paying royalties, when they could evade them 
by open infringement, or by some slight changes in the details of 
construction. 

These patents were in 1877 put into the hands of an association, to 
work and manage with the author as Trustee ; hut as he liad many 
other matters to attend to (the making a living among the rest) be 
could not properly follow up the outsiders, while they openly used be 
Becretly infringed the reserved rights of the invention. 

While steam as a heat-conveying medium is of importance and inter- 
est, it is not the author's intention to go into the general or particular 
applications of steam as a means of supplying heat or power, except, 
perhaps, in the way of comparison with other agents for the recovery 
and distribution of heat. 

There are other reasons for confining our present effort under this 
heading mainly to hut one agent, the first being the extenalva Use of 
steam in all classes of buildings, and the quite general knowledge now 
possessed, both of its utility and application. 

The second reason is that several of the main and important issues 
relating to the safe and economical generation of steam have been con- 
sidered in former chapters, while a very full and practical study has 
been made of all "heaters " familiarly known as "radiators," and their 
values under general and particular conditions. 

We give this matter place and prominence here because, as stated, 
the overhead system of steam distribution is the key to and the explanar 
lion of the- overhead water supply single lines and tinyh-valve system, 
to be considered later. 

See tables Nos. 10, 11, and 12, pages 323, 335, and 367. 
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Specification, forming part of Letters Patent No. 145,062, dated Dec. SO, 

1873. Application filed April 19, 1873, and Reissue 

No. 6,591, dated Aug. 10, 1875. 



System of Steam and Water Piping for Buildings.' 



To all whom it may concern : — 

Be it known that I, John H. Mills, of Boston, in the County of 
Suffolk unil Suite of Massachusetts, have invented an improved system 
of piping for buildings to be heated by steam, of which the following is 
a specification : — 

This invention relates to a new and improved method of piping for 
buildings to be heated with steam, whereby the cost of steam heat is 
reduced, and a more simple and efficient apparatus is supplied. 

Prior to my experiments and the perfection of the invention now 
wider consideration, the theory and practice of engineers and experts 
was reduced to the employment of two pijms, and, as far as possible, a 
separation of the steam and water resulting from condensation, thus 
rendering necessary two connections to each radiator and the employ- 
ment of two valves, which required to be opened and closed simulta- 
neously, or the radiators would become filled with water. 

In the earlier stages of low-pressure steam heating a single pipe was 
tried, but the glaring defects of the arrangements {viz., supplying the 
steam upward against the descending water of condensation, and thereby 
causing noise and an impeded circulation in both pipes and radiators) 
soon caused the same to be abandoned. 

The latter practice and that in vogue prior to my invention (viz., the 
employment of two pipes, one to supply the steam, and the other to 
carry off the water of condensation), while greatly increasing the cost, 
has not entirely removed the conflict of the element* thus brought into 
juxtaposition ; for steam, air, and water will not move harmoniously 
together until their relative sjujcilir " r nonsidered and 

provision made therefor. 

• See drawing of 
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Under my system no conflict is possible ; for the steam, being con- 
ducted from the generator through one or more vertical mains to a 
point above the heating devices, and from thence distributed down- 
ward, is always on the top of the denser and heavier elements, which, 
thus arranged, move on in harmony with the law of gravity, and with- 
out impediment, both in their passage from the radiators and in their 
return to the generator. It will be also evident to those at all conver- 
sant with the operation of steam heating that, once having conducted 
the steam to a point above the radiators, and arranged for the escape of 
the air at the lowest (but above the water-line of the boiler), the ques- 
tion of a perfect, noiseless circulation would be no longer a doubtful 
one. 

A steam generator of any suitable character is placed in the cellar 
or basement of the structure to be heated ; affixed to such generator is 
a main supply pipe or conduit, which rises vertically and extends to a 
point in the building above or near which the highest radiator or coils 
are to be located. A steam radiator is pliiced in each or any of the 
stories of the structure ; while a pipe extends from the upper part of 
the main supply pipe, horizontally or slightly descending, to the side or 
other wall, thence directly downward to the lower part of the base- 
ment or cellar in which the generator is placed, and discharges into 
such generator. A pipe extends from the branch or return pipe to, and 
communicates with, each radiator at the upper part thereof, while the 
outlet or escape pi]>e of such radiators, leading from the bottom thereof, 
and for carrying off the water of condensation, connects with and 
discharges into the said drop pipe, as described. 

At a point on the down or return pipe, below the first or lowest 
radiator, and above the water-line of the l>oiler — as, for instance, within 
the basement — I arrange a valve designed to permit the escape of air. 
This valve, when the apparatus is put in operation, is left open; so that 
the air expelled from the piping, and from the several radiators by the 
advancing steam, shall find vent at this point. The air will liave been 
discharged when the steam begins to blow through the discharge pipe, 
at which time the valve should be closed. Thus I am enabled to pro- 
vide one common vent for all the air that may be contained in the pip- 
ing and radiators, and, furthermore, to locate this vent at a point 
where the foul air and noxious gases can be got rid of without inoon- 
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venience to the occupants of the building. Heretofore it has been 
customary to provide each radiator with a vent, and the air has been 
discharged directly into the room in which the radiator was located. 

The advantage of my venting arrangement, which is rendered prac- 
ticable by my system of steam piping, is therefore apparent. A suitable 
coupling may be attached to the main supply pipe in each story or 
division of the structure, the same being provided with a valve ; to 
these couplings a hose may be attached, in case of tire, or through which 
ateain may he discharged directly into the apartment, without the inter- 
vention of hose. 

The operation of the above-described method is as follows: Steam 
under pressure from the generator or boiler is conducted directly 
upward through the main supply pipe until it reaches the return pipe, 
down which it descends until it reaches the connecting pipe of each 
radiator whose valve is open. After circulating through the same, and 
parting with its heat, it is condensed; and the resultant water flows 
through the outlet, or drip pipe, into the return pipe, and directly down 
the latter, without hindrance or check, where it is discharged into the 
generator. 

Having described my invention, what I claim is: — 

1. The herein-described system of steam heating, the same consisting in 
the combinatioji of one or more main pipes, conveying the steam without 
distribution ton point B&0M the radiators, with branch piping conveying 
the steam downward, and serving at one and the same time to supply steam 
to and conduct the water t>f condensation frotn the radiators, the strum, air, 
and water moving together in one direction towards the boiler, as described. 

2. In a system if steam heating comprising an overhead supply, the com- 
bination of the radiators or coils with the branch or return piping tutoring 
below the water Hue of the boiler, as described. 

3. The combination, with a system of steam piping and radiators CM- 
nected therewith and operating as described, of an air vent or valve located 
M the branch or return piping, at a point below the first or lowest radiator, 
but above the water line of the boiler, as described. 

JOHN H. MILLS. 
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WALWORTH MANUFACTURING COMPANY, 

16 Oliver Street. 

Bottom, Aug. 18, 1*77. 
Mr. John II. Mills,— 

Dear Sir: In reply to your inquiries as to our opinion of your new and improved 
method of constructing steam-heating apparatus, to which our Attention was 
called some four years since, whero the supply of steam from above, working the 
steam, air, and water in one pipe, forward and downward toward the boiler, with a 
single connection and valve to each radiator, we then expressed the opinion that it 
was novel and correct in principle. We are of the same opinion now, after testing it 
fully in large and small buildings, and under varied conditions, with upright and 
horizontal pipes. 

It has proved equally successful in large buildings, as proved in the Columbus 
Hospital for the Insane, where it is introduced with perfect success; the Memorial 
Hall at Cambridge; the Clarke Institute at Northampton, :uid others. 

The new method is simple and easy of construction, less expensive giving great 
satisfaction to the users, as well as to those who construct the apparatus. 

That we have taken a large interest in your company, and are working under a 
license from it, may be assurance to you of our full endorsement of the new system, 
which has only to be tried to convince all of its great value. 
Yours truly. 

Wax worth Manufacturing Compant. 

Br C. C. WjkLWOBTH, General itanagtr. 



Columbus, <">., Jan. 19, 1878. 
Mr. John H. Mills,— 

Dear Sir: In reply to your inquiry as to the probable difference of cost in the 
erection of the steam -beating apparatus at the Central Ohio Lunatic Asylum, 
between the usual method of using a double connection for the radiator and the 
" overhead supply," or single connection, for which you hold certain patents, I will 
say that 1 am unable at p.cscnt to state the sum definitely; but, to the best of my 
judgment, it is a saving of at least two thousand (#2,000) dollars — possibly more, 
but cannot be far from that sum. 

I am fully conversant with your difTercnt methods or systems of running pipe, 
have adopted them, and am well dim inicd Ilu ccnuomy ami other advantages of the 
system will lead to its very general introduction. 

Many of the disadvantages of the ''double-pipe " system are avoided, and it is so 
much more simple that it commends itself to any intelligent man at once. 
Tours very truly. 

Lb vi R. Greene, Con. Eng. 
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Westfield, May 31, 1ST7. 
II. Mills, — 

ur "System of Steam-Piping" has been adopted by us on several jobs in 
Providence, and with satisfactory results. Have the same system in use in a portion 
of the Normal School Hoarding-House at West field, Mass.; this gives excellent 
satisfaction, and the fact that but one valve on each radiator is all that is necessary, 
is very much in its favor. We have no doubt but it will be generally adopted by 
first-class concerns on first-class work, as soon as its merits are understood. 
Yours truly, 

II. B. Smith & Co. 
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PROVIDENCE STEAM AND GAS PIPE CO., 

Couhkh or Eddy ano Pink Sts. 

Providence, R. I., June 5, 1870. 
To Whom it Mat Conckbn: 

About one ye.ii- since, we commenced the erection and construction of low pres- 
sure steam-heating apparatus by tlic '" Overhead System " of distribution, designed 
by Mr. J. H. Mills, of Boston, who lias made tbc plans, estimates, and spec ill cations 
for the work and contracts we have executed under these patents. Up to this time, 
although much of our large business has consisted of high pressure and mill heating, 
we had not given mui.li attention to heating public, cummcnial buildings or private 
dwellings, mostly because of the uncertain result attained hy the most experienced 
firms doing this work. We say " uncertain results " because nearly every person 
seemed to have a different "idea" as to how such should he constructed. 

No general principles being acknowledged or put into practice, no uniform re- 
sults were obtained. Hut looking into the " Overhead System " referred to, « 
at once that, if these principles could be successfully applied find covered by patents, 
then might the beating of buildings by low pressure steam be reduced to a ''science,'* 
valuable alike to the constructor and the owner of buildings. 

Our first work and estimates submitted to the architects, Messrs. Stone & Car- 
penter, for the new State Prison Building at Cranston, II. I., were approved by them 
and accepted by the commissioners. Cubical space heated, 1 ,:tiis,4.*i. Radiation, 
10,000 feet. Amount of contract, about 813,000. 

Later we warmed the Old Ladies' Home, llrownell Building, Beckwith Building, 
Palmer Block, and one or two private residences, amounting to over 2,000,000 cubic 
feet of space and 18,000 feet of radiation. 

AH of this work, with one exception, had a winter's test, some of it a hard one; 
as with the Beck with Building, which was started with the thermometer below it 
and ran through the whole winter with only cotton cloth for the doors and windows; 
and it was remarked by practical men that no other system of piping could have 
remained operative a single day, much less have held steam on the buildings night 
and day. 

In this connection we would Bay that in all the above work, we used the cast-iron 
sectional boilers, designed by Mr. J. 11, Mills, and manufactured by H. B. Smith, 
of Wesllletd. 

The whole of this varied application of the new system has given entire satisfac- 
tion, both to the owners of tbc buildings, the architects, and to ourselves, so that we 
have taken a license for this section, and also invested in the stock of the Association 
formed to place this system in the hands of leading steam-heating firms in the 
country. 

F. D. MAYNABT 
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Extracts (torn the Report or the Real-Estate Commissioners oE the Young Men's 
Association of the City or Buffalo. Feb. aG, 1883, on the Heating or their 
Building — 600,000 Cubic Feet. 

T!ii' board, after carefully considering nil the ]i1:iiib and proposals. decided to 
call in to their aid two disinterested experts, and to employ them for the purpose of 
deciding 09 tlio merits of the various plans submitted. This was dune, and tbe 
board met the experts so employed on several occasions, and finally decided to 
accept tbe bid of Mr. John 11. Mills, of lliis city. This bid was to do U>« work for 
K,500, nnd w*4 the lowest bid presented to the board, the highest being £14,000. 
Tbe contract of Mr, Mills was signed aud the work was commenced about the l-'tli 
day of September, 1SS2, and was continued with great enterprise and industry by 
Mr. Mills until the first day of November, 1882, when steam waa first raised in tlio 
boilers and the heating of the building was first begun. 

The method of distributing the steom adopted by Mr, Mills, and for which ha 
has a patent, is by the OMrAeod or tingle-pipe system, in which the steam is conducted 
by a tingle main pipe directly upward to the highest point of supply, namely to tbe 
ceiling of the fourth Moor and to the front of the building, a horizontal supply line 
being carried ■round tin- outride nail for the supply of the vertical lines and radia- 
tors on tbe several floors, tbe water of condensation following directly down to 
the basement, where it is gathered in a general lino suspended from tho ceiling, 
the water being thus returned to the generators without the aid of pumps or 
traps. The radiators for the entire work are of cast iron. Heed's patent, with a 
vertical tube and an open base, and are of the sizes and surfaces required with the 
pipe to warm the various rooms in which they are located up to a temperature of Tu° 
Fahr. in zero weather. Two boilers have been plaeed in tbe boiler-room. They are 
the Mills sec tin mil safely generators, and are each rated at forty horse-power, having 
a combined surface of one thousand square feet and forty square feet of grate, and 
are set in substantial brickwork with ornamental fronts, and are fitted up with the 
Tegular and necessary trimmings, such as safety valves, blow-off cocks, etc., etc. 

The board are greatly pleased with the operation 0/ the system. It does the required 
work latisfact'irilij and with ffreal economy. It hut hrm examined by many experts, und 
hat been pronouneed the most per/ret $]/ttemfor tteam heating erer erected in this city. 
Only one boiler has been used ns yet at nny time, and that is capable of, and does 
furnish all the steam required to heat all the buildings. Steam can be raised and 
distributed through all tho buildings from cold water in twenty minutes. Its intro- 
duction has not marred or disfigured the buildings in any manner. The cost of this 
apparatus has been very small, compared with the work which has been done, the 
quantities of materials which have been furnished, and the cost of similar work done 
In other places. The gentlemen who offered to introduce their systems into tbe 
building at a price of (14,000 could do no more than is being done by thia system, 
which bos only cost W.5O0. The experts who examined tbe work and on whose 
certificate only the contractor has been paid, have certified "</iu< it U perfectly aafe, 
well built, eonetniently constructed, made <tf Jlr«t-ctass material, diiral.de in ait it, p.irfi. 
and that it is capable, without danger to it» boiler or radiators, of heating the carious 
pord'on* of the. building up 10 seemly degrees in zero weather." 

The board would bo pleased to have the members or the association examine tbe 
apparatus anil its working, as they are sure that they would be surprised at the large 
amount of beat generated witli the small amount of fuel consumed, und also at the 
perfect and noiseless working of the whole apparatus. 

J. M. Hi (1 BIS BOH, I 

Charles A. Sweet, Commissioners of the 



Robert P. Wilson, > Board of Real Estate, 
Henry Bull, Young Men's A**w-iation. 

Juiin 1.. Williams. J 
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PARTIAL LIST OF BUILDINGS 



"MILLS" OVERHEAD SYSTEM OF STEAM DISTRIBUTION. 

I Patented 1873, 1874, 187S.1 
BnlldliiK*- 

Holei AleunJris 

- llrl.-l..l , 

•' Edinburgh -.- 

" HuCman 

Store, Jordan, Warm A Co 
'• Jordan. M«r»n * Co... 



■- l'atiiAi,, 
Howard Natl.mal Bank 

Double Dwelling.. 

Meill'-al Library 

Hotel Comfort . . . .. Boihury. Kw — 

Mansion Home — Greenfield. Hiu... 

Hhllllto Building .. . i ...-..- .1.. .> 

Memorial Han. M C i arubridge. M ,.. 

Gymnasium " ■* .. 

Bute Prison ....New Hampshire ... 



County Alnitlnm-e . . 



1 icuhrlil£e. I 



Peabody Mum am. 
Warren Saving* It ■• k . . 

Central Lunaiic Asylum ..Colombo 

Ohio Tool Company ■■ 

Jacob Sleeper 
Store, W. W, Bo 

Fryn Block 

Porter Mock (Iraod Rapids, Mich 

C. V. t'rowtl.er.... si i, ..,.. 1|.. 

JoneaMoCmm Colorobua, O 

Clarkelnstiiuii.il Northampton, Man* .. 



.Lowell. Man.. 



ll|,.«Mr..|l It I.:.,' 

Old Ladle*' Home 
Bt.aUry*r.>...eut 
Hotel DflRMM 
Hotel Palmer . ... 



Cong re national Church 
Two.Scli.-ol Kuiiuing* - 
Henry'- <'i-*i» Bo«*a 



r. ntea.ru and (lu Pipe Co. 



Wetlfl'ld. Mass. The H. It. - I. Co. 

..HockelUc. Coon ,. 8T0JX 



Anthony Ituilriing ProTldeaoe. K. I 

R.I. Trust Co building 

Amberat ll-u.w Ainticnt, Mas* .. 

Harifiinl Fire In*. Co. . Hartford. Cuii 1 1 



i . . A. t ■ Co, 



Cat* Hotel 

Block ..PeorlA.HL 

(hid Fellow* Hall *t. Jonn*. N 

St. Andrewp i -bnteli 

Store, W. H. Cilenni S Sum lluffalu. N V Han. Hall * Ha. 

Store, Weller. Rtuwu ,« Mrampr ■• •' 

Orphan Asylum " " 

CItyHoapltal ... •■ •' 

IM Preahylrrlan Cboreb *i Catharine, ont 

Congregational Cborcb ...Jamestown. N. Y — 

College UuildlnKS ll : Va. E. H. Cook. Elral 

School Building. 

Ottoe Bnjldlng 

" <■ lluildlug 
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•HEATING CITIES BY STEAM. 

"Tin- advantages of aBteam supply from a central station for the build- 
ings in a city or village, and even fur the detached buildings of hospi- 
tals and other public institutions in a iiark, an very evident, and rash ■ 
system has ju the past been many tunes suggested aa deaumbls. About 
fifteen years ago Birdaall Holly, of Lookport, N. V., made experiment?, 
in his yard to show the loss of heat in transmitting steam through an 
underground oondnctor, the outeome of which wai a practical system 
adapted for street distribution, in which stuffing-boxes warn •ranged at 
regular intervals of aboQt one hundred feet and anchored fast, so as to 
■ ■■■ n- locution and i>eriiiit the sliding sleeves to move in and out 
freely in a line. 

" Outlets were also provided in chambers lack of the stuffing-boxes for 
the attachment of service pipes to distribute the steam to buildings; so 
the supply was from stationary points, the same as if boilers were located 
at those points. -Simple as these improvements seem to have been, 
compared with previous arrangements of interior steam piping, they 
form an important element of the success of modern systems of steam 
distribution in cities. The large steam plant of the New fork Steam 
Company has been built up under the direction of Charles E. Emery, 
Ph. D., on the principle of the Holly patents above described, luit with- 
out the use of one of the Holly details ; and the steam from boilers of 
twelve thousand horse-iiower is now being delivered at a pressure of eighty 
pounds and upwards for power, as well as heat, through sonic live miles 
of large steam pipes, some of which extend three fourths of a mile from 
the boiler station. 

"The first station of the company was located on Greenwich Street. 
between Dey and Cortland Streets. The building was designed bo bom- 
tain sixteen thousand horse-power of boilers of the Kabcock & Wik-ox 
type. 

" Some idea of the magnitude of the work can be obtained from the 
statement that there are already in position in the first station ddu 
inch pipe, one fifteen-inch pipe, and one eleven-inch pipe, with onto nnst 
of the capacity of the building yet utilized, and that it is expected to put 
in in addition one thirty-inch pipe, to keep up the pressure at a distance 
as the demand increases. 

"It has been found that the pipes can be so protected in praetiee that 
the loss of condensation will be a very small proportion of their carry- 
ing capacity. Experiments were made Itefore the plant nf the Sen 
York Steam Company was built, that showed that mineral wool of ordi- 
nary quality furnished very nearly the same resistance to the passage of 
heat as the same thickness of hair felt, and that the better qualities 
were equal or even superior in this respect to hair felt. 
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DOMESTIC STEAM HEATING SYSTEM. 

1st. In a gravity return system of pipes and radiatora theru are 
/!•!■■■■■ elements always j indent, — water, "//■, and ifeom, — due provision 
for which must Ije made, and *epamtkn effi'rtfl. In.' fore the heat agent, 
steam, eat) l>e WteewfuHi/ •;'r>'ii/ul,./ or satisfactorily accomplish its work. 

2d, In a uteam or vapor heating system, the pipes and radiators (and 
a part nf the boiler), when below a oertati) fixed temperature, are always 
full of air, which must be expulh-d by pressure, through various devices, 
before circulation can take place, and requiring an inlerual pressure 
greater than the external before the air can be expelled, permitting 
circulation. 

3d. This necessitates three lines of piping, — a xteam-supply pipe, an 
alr^wape pipe, and a water-return pipe, — while all these various pipes 
must be graded to conform to their several and different km. 

4th. In a steam or vapor heating system, almost any kind of pipes 
and radiators will answer (with the above attachments), as steam under 
pressure "ill enter vertical pipes or radiator tubes having closed ends, — 
as in the Nasoti and Bundy and other similar radiators, — a provision 
being made for the air to fall before the steam to the base, and be 
expelled through the air devices ; aud it is just this ability to vent the 
an- from the tubes which gives these radiators and construe tious their 
efficiency as gteam radiators; but they are worth nothing as water 
radiators, because water will not enter and fill their tubes, the air 
preventing; and, therefore, water and steam systems AKE not the 
same thing, "differing only in degree of the heat-conveying jiower," as 
Stated in a late letter from the Patent Office. 

5th. A system of steam heating involves a boiler but partially filled 
with water, the maintenance of a water line, and that all supply lines 
and radiators shall lie located above meh line, to be freed from the 
water of condensation, all parts of the system being maintained at an 
Ijjmri pressure, to insure the automatic return of the water of conden- 
sation to the boiler, if the return is automatic. 

tith. In a system of healing by steam, the real agent is the latent /teat. 
absorbed while the voter is ljeing converted into a vapor, and to be 
obtained only while the water is being held under a pressure above 
the atmosphere, where such conversion takes place. To obtain this 
stored M latent heat the vapor must be condensed; condensation destroys 
the prewure and thus the circulation, air or water at once taking the 
place of the vapor, while all the heat generated in (»<• ■■• the 

temperature of the boiling water passes away to 
lost. 

Thin may amount to one quarter or one th 
other losses due to a partial derangement and 
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DOMESTIC WATER-HEATING SYSTEMS. 

We have not tune here in which to enumerate the salient and good 
points of a fluid-circulating gravity return appmtaa when under its 
best conditions, but a few of them may be mentioned: — 

1st, A heat agent obtained at the least possible cost, and that is 
always silent in operation. 

2d. One that is under perfect control, and that may be flowed from 
the boiler to so nearly meet the varying demands of the weather as to 
require little or no adjustment at the radiator in the rooms heated. 

;'»!. That water lias many advantages as a heat-conveying medium, may 
be said without any reservation ; and that it is alisolulely the 
for earning heat either long or short distances, will, we think, be clear 
after an examination of some other conditions of circulation than those 
advocated by writers. 

Having said this, it does not follow that a water apparatus can have 
no defect, and that it will surely and positively satisfy all that try it 
under the many and singular forms and guises under which it haa been, 
and will still continue to be, offered to the public. Just at the present 
time water heat is in great favor, due to several causes ; first of which 
are its many good qualities, and second the fact that water is the heat 
that will always hold its tongne, and not "blab" out eveiy defect 
which the fitter or contractor made in its first conception and later 
execution. A steam apparatus will always "squeal" on the fellow th.u 
put it in; and at this late day so much is known of the proper and 
rational construction, that it is not so easy to cover up false tracks, as 
with the more modern and less understood water plant. 

Still it may be said, and ought to be easily understood, that a water 
apparatus may be so misconstrue led as to lie a failure, both as to opera- 
tion, efficiency, and economy. Heating apparatus of all kinds, — hot 
air, hot water, or hot steam — are not necessarily a success or a failure 
hecaune belonging to either st/xtem, but really and Bimply because they 
have bad more or less brains engrafted and transferred into them by the 
designer and engineer. 

Establish any rational standard of construction, operation, ;md results 
for either system, and then compare the failures of each to rea 
standard, and I do not know on whose shoulders — the steam, the water, 
or the furnace men — the sword, would fall with greatest force. 

The crude work is of course being offered and done in the dwellings and 
for domestic uses, where really one would expect the best. This is maiulv 
because the business of furnishing small portable apparatus is in the 
hands of a few people not yet educated up to the demands in ibLs lbie, 
but fully aware of the ignorance of the average householder, and keenly 
alive to the profit that may be derived from such conditions. 
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RECAPITULATION WATER AND STEAM SYSTEMS. 

1st. In a water heated or heating system of pipes ami radiators, there 
is but OKI element present after the apparatus is once filled or put to 
work. This element, heing 11 liquid, fills all spaces, and closes them 
against the entrance of the air. 

2d. In a water heated or heating system of pipes and radiators, the 
motive power is not pressure ohtained from the boiler (as in a steam 
system), BUT A difference of pressure in the pipes and the 

RADIATORS DUE TO DIFFERENCE OF TEMPERATURE ; and the power to 

circulate from and to the boiler is obtained from THE RETURN rather 
than the supply pipe. 

Increasing the work increases the circulation, and therefore the heat 
(provided the generator will meet the increased demand). 

3d. In a water heated and heating system, it is essential that there 
shall be a cross connection between all vertical tubes at their top 
ends; that the circulation, after entering the radiator, shall be 
downwards, thus distinguishing a water from a steam radiator. 
A radiator adapted for a water circulation will circulate steam, but a 
steam radiator with single vertical tubes will not circulate water. 

4th. In a -water-heating system there is no water line maintained, nor 
any particular grade of pipes or location of radiators above such line, 
and no equal pressure necessary to insure circulation from -and 
return to the boiler; in fact, the greater the difference of pressure 
between supply and return lines, the more rapid the circulation, and 
efficient the heating surfaces. 



conditions and results. 

Sti-.am System. 
Three elements involved. 
Boiler pressure essential. 
Equal 



A water line " 

Grade of pipes " 

Fixed temperatures " 
: with preBBQia. 

Any radiator available. 
l,v foot Mow '21 2° kit. 
Available heat limited. 
Circulation not alwaj 
Increased duty weakens cireaBB 
Economy, water 100 



Water System. 
One element involved. 
Boiler pressure not essential. 
Equal " " " 

A water line " " 

Grade of pipes " " 

Fixed teinp'tures " " 

Heat with. nit pressure. 

adiators required. 

■ available. 

HITED. 

"d continuous. 

i.- circulat'u. 

t, 
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Before entering n t length on the construction of apparatus for the 
distribution of beat by a water circulation, it aw mi desirable to examine 
briefly tin- nature and capacity of tin' elements employed. 

The following table, No. 14, is, as seen, a list of all tbi 
t'li-iiiciits pertaining \\i ftttim or water under heat, while passing tlirough 
(be seme ranges of heat and of pressure, or from one bo one hundred 
pounds; the key or factors from which each column is made Bp 
appearing in small type at (be head. 

Column A is the pressure, 1! is the temperature of water or steam, C 
the latent heat, I> the total heat of steam from inter a) 88°, K the cubic 
feel of steam, and F the weight of a cubic foot. 

Units of Heat per Cubic Foot. In column G it will be 
that the 44 units credited are mode up from ihi' '"'"/ heej 
absorbed from water at 32°: whereas the steam, in condensing to water, 

would give out only its latent heat, thirty-fier unit*. M m I 

By the aame analysis and reasoning, the water in aeeUna, any thirty 
degrees, would release only about our thousand MM hundred ami ninety. 
five vntis, the water heat being thus fifty turn* greater than, the steam at the 
tame temperature*. This is for a reduction of 30"; if cooled 60°, tbfl 
heat is double that slated. 

Bye paring the figures in columns G and II.it will be seen that 

the heat contained and conveyed by one cubic foot of water, and by a 
cubic foot of steam at the same temperatures, is two hum/ret! times 
greater in the former case than in the latter for temperatures aueb as 
are ordinarily used in heating by low-pressure steam and hot water. 

These figure* also represent tin- amount of heat that is in the pipes and 
radiators, when two similar apparatus are filled, the one with water and the 
other irith steam, at the same temperatures. 

In the following diagram, No. 21, the conditions of steam and wafer 
shown by table No. 14, are illustrated. 

Figure 1 shows the volume of the steam and the changes it under- 
goes as pressure increases from 1 to 100 pounds, and from 21 8 
Figure 3 shows the proportion and relation which sensible and latent 
heat bear to each other at the same temperature. Figure 2 illustrates 
the condition of water if held liquid and passing through toiiipaiulmn 
from 100° to 280°. The upper section in red shows the expansion 
effected in 1,000 gallons of water raised from 60" to the different tem- 
peratures shown, and spaces required in an expansion tank of any heat- 
ing apparatus, if we do not desire to add any pressure in the pipes .tlur 
than that due to the vertical heights of the columns noted. The larger 
figures (right of figure 2) show the pressure of any column of water 
from 10 feet high (4.33 pounds) to 100 (43.31 pounds). 

•SeoCharlci Komi cm Hot Water, ]pmi:r 69. 
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TABLE No. 14. 


fVessure, Temperature, Sensible, Latent, and Total Htat of Stiam and Water per LA. and per Cubic 
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DIAGRAM No. 21. 
Puugt of Water ind Slum through Similar Temperatures. 'Figure 1. to iccomcanj Figwt 3 Md Tatft Mi. 14. 
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CHRPTER XXIII 



|* WATER APPARATUS ANCIENT AND MODERN. |v | 



r HE origin of employing hot water for diffusing artificial heat 
appears to be hid in considerable obscurity. It is not improb- 
able that, like many other 'discoveries, it has been reproduced 
at different periods. It seems, however, to have been first 
used in France, by M. Bonnemain, in the year 1777, and was employed 
by him during several years for hatching chickens by artificial heat. 

••The French Revolution, which followed shortly afterwards, put a stop 
to this, ;ts well as to many other useful and scientific inventions, in that 
country; and for several years the invention seems to have been 
entirely dormant ; nor, indeed, does it appear to ever have been used by 
M. Bonnemain except for the purpose above mentioned. 

"About the year 1817, the Marquis de Cltabainies introduced a similar 
apparatus into this country for heating a conservatory, and also heating 
some rooms in a private house by pipes leading from the kitchen 
boiler. In the following year, lie published in London a pamphlet, 
describing his apparatus and some ingenious modifications of hot-air 
■fame. The invention appeal's to have made but very little progress 
for several jean. In 1822 Mr. Bacon, a gentleman of fortune, intra- 
dural the use of hot water into his forcing-houses, using for the 
purpose a single pipe of large diameter, communicating with the boiler) 
and by giving a slight elevation to the pi]>e from a horizontal line, he 
was thus enabled to produce a circulation of the water, the hot water 
passing along the upper part of the nearly horizontal pipe, and the 
colder water returning to the boiler along the lower part. 

"The circulation in this apparatus was very imperfect; and Mr. 
Atkinson, an architect, almost immediately afterwards suggested the 
addition of a second pipe to bring the colder water back to the boiler; 
and thus at once the apparatus assumed the form that it has ever since 
retained. By thia alteration the apparatus was brought very nearly to 
the same form as that contrived by M. Bonnemain more than forty 
years before; the principal ng that M. Bonnemain used 

only very small pi] r. Atkinson used pipes 

• if four or live inches in <-■ 
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"The honor of this invention had been claimed by Mr. Watt prior to 
the time of Mi*, Honneiniiin using it in France, but there appear DO 
grounds for supposing that he ever employed it without the in tor voli- 
tion of steam as a distributer of beat by circulation in the manner in 
which it is now used. 

"The use of hot water in pij>es is an invention of far greater antiquity 
than the time of either Watt or Bonne-imin. 

"Seneca has accurately described the mode of heating by TOtet In 
the Therniffi at Rome, nf which Castell has given drawings, ami which 
show that the method of heating the batlis by passing water through a 
coil of pipes which passed through the fire was known and practised 
previous to the Christian Era. And except that these tuU-s 
liniss. instead of iron, they were precisely similar, both in form and 
arrangement, to those occasionally used at the present day for a like 
purpose; the lapse of nineteen centuries having apparently added 
nothing to our knowledge on this subject." 

Since the introduction of the hot- water apparatus for warming 
buildings in this country, the variations made in [to more complicated 
arrangements appear to have been gradually adopted. Each time that 
an apparatus has been erected, experimentalists have deviated in some 
small degree from the model of that which preceded; apparently afraid 
of venturing on too great it variation, yet requiring, from cootingeiti 
circumstances, some alteration of its form ami application. 

This mode of proceeding, though natural, while the principles were not 
thoroughly understood, has frequently led to both inconvenience and loss, 
in consequence of the numerous failures to which it has given rise. 
by unintentional deviations from the true principles. In the present 
attempt to elucidate the subject, it will, however, be shown that moaeaa 
need not be uncertain, provided only that the laws of physics be justly 
applied and strictly adhered to. 

So numerous have been the failures that have occurred in this 
method of heating buildings, that nothing but the intrinsic merits of 
the invention could possibly make it retain its hold on popular favor. 
Every imaginable kind of mistake has been made in apparatus elected 
upon this plan. And these mistakes still continue to be made almost 
;is frequently as ever, notwithstanding the large number of buildings in 
which it lias been successfully applied, and which might be consulted 
for correct information. 

Neither the capabilities of this method of warming nor the various 
useful purposes to which it is applicable are fully appreciated. There 
are no buildings, however large, to which it cannot be advantageously 
adapted, nor any that present insurmountable difficulties in its practical 
application. 
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WARMING BY WATER CIRCULATION. 

The application of water to domestic heating, and to the small and 

simple circulation made by the florist for greenhouses, is that treated by 

early writers: Tredgold, 1836, Charles Hood (first edition 1837. last 

1879). David Boswell Reid, 1844, and Thos. Box, 1866 to 1880. 

Of the older writers on water as a beating agent, none have been as 
clear, practical, and generally satisfactory as Charles IIoimI, whose hist 
and fifth edition has been consulted, and will be freely referred to. 
There is also a late work on warming buildings by hot water.* Of 
this work it may be explained that in general it is oonfined to well- 
known principles of the action and behavior of heated water in pipes 
and radiators when placed under certain conditions. There are many 
tables and original diagrams illustrating the text; altogether it is a valu- 
able work of reference and for many details not found in older books. 

To those, however, who have not yet availed themselves of the 
opportunity to add it to their library, we may say that the matter 
appeared in the serial numbers of the Sanitary Engineer, — later the 
Hii'/Jiii;/ Heeord, — under the signature of " Thermit*," this doubtless 
being both a convenient and profitable arrangement, Mr. Baldwin 
(Thermus) being at the same time on the editorial staff of the pajier, 
and thus in a position to ask and answer many questions relating 
to the subject matter of the articles in question. 

Another valuable hook, "Steam Heating l'rohletns," was published 
by the Sanitary Engineer in the same way, and thus collects in compact 
and durable form matter Itefore published and distributed to the readers, 
but which was not likely to be preserved by thern in the more bulky 
form of a weekly journal. 

A third book, also by Mr. Baldwin, "Steam Heating for Buildings; 
or. Hints to Steam Fitters," 1881, may be mentioned, although it is 
■doubtless in the hands of most steam fitters looking for hints and 
points on construction by which to enlarge their generally contracted 
knowledge of prim-iple« and applications. All of these ]>ooks refer to 
and advocate only well-known and sound practice, and may be consulted 
confidently by those in want of information in the line they treat of. 
They are often referred to in these pages, and Mr. Baldwin's experi- 
ments with steam and water may he found classified in tables 10, 11, 
and 12. 

There are several other books in which water if- discussed in connec- 
tion with the general subject of heating dwellings and greenhouses. 
They will be referred to later, and are found listed on the schedules of 
books consulted, so that we will confine our remarks to some other 
details and conditions not treated extensively by them. 

• IM->:,it Heating and Fitting, William J. Daldwin, 1889. 
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Heat: Its Scienck, Production, and Application. 

While \v;tLi:r as a heating agent lias Imi- Iw-un lie fore the public, !«>th 
in the Uniteil States and Europe, yet its general appln. 
progressed slowly, and seems to remain in tlie hands of a few individual-* 
and companies, who, having made a study of soma one type of work, 
confine theiv operations and contracts to thai one appelates. Hub, in 
this country WO may count on the lingers of one hand all those firms 
lliii may l»- .-it.-il a.s successfully doing water heating on ,ir. 
magnitude, and only one of those attempting die 
buildings with a water circulation." 

True, within the last two or three j'ears quite a number of people 
have gone into the business of erecting a simple form of water npparntwi, 
mostly for dwellings, and the nee of coils and radiators located in the 
rooms to in- wanned. In these applications, using a small porl 
of heater and running the pipes promiscuously through the rooms, a fair 
degree of success is being readied, and, under the stimulus given the 
business by a. lavish expenditure of time and money by the manufac- 
turers, much interest is being created for water heating in this portable 
and compact form. In a former chapter on boilers we have illustrated 
several of these modern devices, and, while calling attention to their 
good jioints, have also noted some errors of construction and estimanmi 
regarding the power and value of heating surfaces so arranged. 

It is a noticeable fact that, while portable house-heating iwiilers are 
the latest apparatus of this kind to appear with a water circulation, 
they do not bring with them any new or modern ideas as bo the manu- 
facture of such goods or methods of applying a Liquid beat circulation. 

Several of the most prominent of the portable heaters are Canadian 
inventions, and embody what may lie termed the English methods of 
water application, such as may 1m- seen in almost all the 
noticed by Hood, and constructed by Garth, of -Montreal, and Bennet 
and White, of Toronto. This may In- described as a water apparatus 
open to the atmosphere and limited in temperature below -1- eahr. 
It also includes an extensive divisibility of the heating current by (In- 
employment of many supply and return lines to and from the radiating 
surfaces. See diagrams of piping, page 467, 

"While the writer does not employ these methods, but rather the 
reverse of them, it does not follow that he condemns their use, or that 
there is nothing valuable in such arrangements. Indeed, in many 
instances, where the intelligence of the people into whose bai 
apparatus falls is of the lowest order, all other considerations except 
those of simplicity and safety should be ignored. 

As, however, system or method is in ibis matter of heat (as in navi- 
gation) all important, we may properly glance at the two principal 
k applications or methods of employing a liquid heat agent. 
•Butlett * Ilaiwanl. Baltimore, Mil. 
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There is a third heated ami mechanically forfeit i hrulation. This 
will lie described on pages 429, 430. 

The first, oldest, and we may say most common, method of construc- 
tion and operation comprises a circulation in the boiler, pipes, and 
radiators of water rising and limited to temperatures btUne 212° Fahr., 
this bring sought or entailed by leaving one part of the apparatus open 
to the atmosphere by a pipe, generally from the expansion tank, for 
convenience connecting to the drain. By this simple means any exoeM 
of pressure, and thus any excess of heat over the boiling point of water, 
is thus quickly sent to the sewer; and it is explained to the purchaser 
that this is his remedy from any over-pressure due to excess of Brain 
mild weather. 

True, this is a remedy, and one usually employed in the tanks of u-iml 
mill*; but in that case the motive power costs nothing, and can very 
well be disused of in that simple way. But where the motive power is 
coal at If6 or $7 per ton, it seems paying dear for a whistle that can well 
be dispensed with. 

The first practical steam apparatus that we had in this country, the 
Gold's heater, 1859, was operated and limited by an ojien pipe. The first 
radiator, being of sheet iron and large flat surfaces, would not hear any 
considerable pressure, and reliable safety valves were not so common 
then as they are now. 

While there are several reasons for operating an open-tank system of 
water circulation, the main one, now as then, is that the heater and 
radiator offered with this system have large fiat, and thus weak, surfaces, 
on which even a moderate pressure might operate unfavorably. 

In other constructions, where several horizontal sections and joints 
are held to a seat by short and long bolts, pressure would lie an element 
of danger, at least to the manufacturers, and so they decry it, and 
advocate a system in which almost any pot or kettle would be safe 
from pressure and breakage. 

Viewing the two elements of water and steam as heating agents, 
there seems to be no good reason, except the ones above noted, for 
drawing a line between them in the matter of pressure. 

As to safety, one agent, under moderate pressures employed, is as 
safe as the other. We have heard much about the ineom possibility of 
water and its great power of expansion in a closed vessel. This matter 
was even illustrated in the Building Record, and a drawing was made 
to show conditions that could not exi>i in pract* B il the apparatus were 
constructed with even as little care aa i* bestow ■* " ' 

apparatus; for the latter, without a safety v> i 

for excess of pressure, would be detected a 
cusable blunder ; the same may be said of a 
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THE EXPANSION OF THE WATER.* 

TIu- matter of the expansion of the water in the pipes of a liquid 
circulating apparatus is one of importance, u bearing on the proper 
construct inn of the boiler, pipes, and radiators. 

It is generally considered by older writers, and formula? an 

calculating lxith tiie expansion mid the resulting pressure, provided 
there were no room or space left for tin- surplus water to flow into. 

The ex[>aiifii)!i of water, steam, air, or metals is well known, also the 
means to provide for it. BO that no damage results t" any uf the parts of 
the apparatus that do not expand. This is given in tables ap 
different materials. 

Of water we may see that it is regular under regular additions of 
heat, the whole increase in hulk in passing from 40° to the boiling point 
212°, being about one twenty-fifth, or four gallons in eaoll one hundred, 
or forty gallons in a thousand, and this is doubtless a fair estimate for 
this rise of 172.° 

Hut this is not the average or working condition of a water hnefiug 
apparatus, the rise and fall of which does not exceed the 72°, to say 
nothing of the extra 100°; and we need not even consider the total rise 
of the water from 40°, since there is no need of beginning a circula- 
tion with cold water ; tire may l»e started in a water boiler as soon 
as the boiler itself is full of water; and while the pipes are ;illiiiL_' Dp, 
heat wdl be continually added, until, when all are full, it will then l* 
water at one hundred or more degrees that we are considering, ami tfe* 
extreme expansion referred to is avoided. 

Evidently this should be considered under two heads; viz., the 
conditions and surroundings of a domestic heating apparatus in the 
dwelling, and that of the larger plant employed in commercial and 
public buildings, 

f A late writer has given the matter of the friction, flow, and expansion 
of water in a domestic heating apparatus great prominence by devoting 
much time and space to conditions that might, but that generally do 
not. attach to any practical heating Ixiiler or tixtures. 

He gives tables and diagrams showing the total and possible expan- 
sion of water from 40° to 000°, which, although interesting and valuable 
in themselves, do not seem to have any practical Waring onii 
question. (That is, the last 300°.) 

The whole Waring of the matter is made to revolve around the CMB 
and closed tank system as applied to small ami domestic heaters, and, 
but for the well-known ability and standing of the writer, would appear 
like special pleading in tiie interest of a certain and limited construction. 

•Sec dlnK"'" No. si, page -409. i Ttierau*, Building AwonZ, 
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Tin 1 writer referred to, farther discussing expansion, says: — 
••The power to burst vessels oz cylinders, however, commences at the 
atmosphere, and ooontB hhwrfmin ; therefore np to tie temperatures ,.\ 
212° in an open apparatus the walls are not strained by the addition of 
Iii-iii. Beyond tibia point, however, to Becure anj given increment of 
tliti temperature, we must also have an Increment of pressure, and 
consequently must have either a closed tank in whirl) to compress ail 
or form steam, ox be nndex a head of water equivalent to the pressure 
we desire. See table of experiments, pages 472, 473. 

" I /> to ,i li:iiiji,-r,iliirr •>/ three hundred tttareet Fiihr. the tuettMKTJf 

pressure cannot be Mid to be eery dangeroua, at with <t property propor- 
tioned am/ Operated tank they will not exered tif'ti/-"iie pound* U> the xyitare 
Alas, M wQk be "en is tuolr." 

Here we liave the matter in a nutshell, and it certainly relieves the 
writer from any supposed want of knowledge of the facts, and further 
.slums that the point "f danger in (-losing a water boiler t» very remote 
at 50° hit/her tempi rut lire titan NM /fin- uni/ need to 69tmdet desirable. 

The above references also call attention to the fact that a head of 
water acts to give the required pressure and beat above 212". 

In all this matter of an open or closed house-heating plant, it has 
probably been overlooked that all the bath-boiler arrangements in the 
country are worked on the closed-tank system, and that only in remote 
eases, like the (frozen up) apparatus at Milwaukee, lias there ever been 
a dangerous accident. 

True, most of the bath boilers are connected directly with the 
hydrant, which is thus the expansion tank and safety valve required; 
and, indeed, there is no real reason why the other water-heating boiler, 
pipes, and radiators should not be connected in the same way, and thus 
further simplify and cheapen the domestic water- warming plant. 

The writer has so connected several small heaters, which worked to 
perfection. Of course the water should be attached as high up the pipes 
as possible, so that, in case the hydrant or other regular water supply 
was cut off, the water in the Iwiiler, pipes, and radiators would not run 
out. In fact, they would then only be for a time under the open-pipe 
system. 

That the domestic heating apparatus should bo of the simplest 
construction and have every safeguard thrown around it to eliminate 
danger and guard against accidents, tioutsaying; and, if 

an open pipe from the expansion tani" only device at 

the disposal of the constructor, « have it. 

As we have shown, the ranges of nt pres- 

sures) are 200° below the danger 1 i.Y ne 

practically confined to only the la: 
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If any penon cl n to employ an open pipe to take the place "f a 

safety valve, either because ii is cheap or because the plan favors his 
particular construction, why let him do wo, hut do not parade the 
srii.-mitie bearing of a plain iiialconstMieti.ni. That t > i+_- wnter apparatus 
should l>e placed under the same fittings us to Kffetf Bad ■"■•-.■■-prenavrt 
as the low-pressure steam apparatus in the same situation, should go 
without saying- In many cases plumbers, when setting a bath or 
range boiler, use both i pressure and a vacuum valve U> provide against 
any possible over-pressure or the reverse of it. It is also a common 
practice with the writer to use a diaphragm damper regulator with 
water as with steam, the lever of which ia attached to the lever of the 
safety valve, thus making assurance doubly sure. 

As a matter of fact, it is not probable that the conditions of high 
pressure noted are ever present, certainly not with that class of portable 
beaten which were had in mind by the writer; since with their limited 
draught and heating surface, and with the load of cooling surfaces 
impi eed npon them, they rarely ever manage to raise the temperature of 
the water as high as 212° Fahr., even after hours of excessive tiring; 
their troubles are in the reverse direction, and a blower ia the fitting 
most needed. See pages 2'.*2. 2H3. 

Having placed water under all the conditions known to the trade and 
under some not known to them, I can affirm that I havfl ii-.-mt seen anv 
excessive or dangerous pressures in a water apparatus, or any additional 
rise of pressure over what the apparatus has when OoM, fifteen to 
twenty pounds, covering the whole range of small and large apparatus. 
These will l»e noted in their regular order." 

Leaving this mailer for the present, we will proceed to note that. M 
the efficiency of both boiler and radiating surfaces are in proportion to 
the temperature, we may see the importance of having an apparatus not 
limited to low temperature* when the weather it the coldest and the demand 
ia great e*t. If the temperatures of the radiating surfaces can only be 
worked lietween 150° and 212°, the radiating surfaces must be increased 
to correspond to this condition; ami, in the schedule of the manufac- 
turers of this mild water apparatus, we note that they advocate the 
employment of ahout one square foot of radiator to warm thirty cubic, 
feet of x pave. (In dwellings with average exposure and condition*.) 

On the other hand, with a closed tank system ; ,iul Circu 
temperatures ranging from lo0° to 250°, one foot of wate 
warm m'j-t;/ fret «f r/>are and in the nmst exposed situation*, . ■ 
supposing lliat there are (.roper grate and alworbiug boiler BUTLma 
supply the heat demanded. f 
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It is common practice, where there is a general supply or storage tank 
in the attic of dwellings, to attach the house-heating boiler to it, thus 
securing a water supply and expansion at the same time. 

A- | matter of protection, and at the same time to secure the small 
needed pressure, it is common to put the safety valve on the boiler in 
the hitsement, and set the weight for ten, fifteen, or twenty pounds, 
which the height of the water in the high pipes will indicate; the 
weight is then wired in that position, and all is safe as far as over- 
pMBSUre is concerned. The truth is that, with the generality of small 
house-heating apparatus, that the grate and heating surfaces are so small, 
compared to the cooling surfaces imposed, that they rarely have any 
superfluous power to show in either temperatures or pressure. 

Passing this, we may note that all these supposed high temperatures 
and possible pressures are reached only with open damper and no 
control of the fire. 

Most all domestic steam-heating apparatus has some automatic 
damper worked by the pressure, and there seems no good reason why 
the water-heating apparatus should not have the same; since, as tempera- 
ture and pressure always go together, a. diaphragm regulator may be 
connected to the pipes of a water heater, and operate as promptly as 
when steam furnishes the pressure. 

In the examples of water heating to be presented, some of the best 
heat lines were obtained where the fire was controlled by a thermostat in 
the rooms, operating, through electric wires, a clock movement, which 
opened and closed the dampers when the proper heat was present in 
the rooms above. It is evident, however, that the perfect heat regulator 
for the control of temperatures in all kinds of furnaces is still a desid- 
eratum, and just now the mind of the inventor and speculator is very 
active in that direction, and will doubtless continue, " aud ere long 
produce the desired machine. 

As to this matter of an open or closed heating apparatus, it may be 
remarked that the first low-pressure steam boiler (that of Samuel Gold, 
1859) was designed to work witli an open pipe, carried to the top of 
the building, anil having a column of water, the weight of which was to 
determine the pressure, and act the part of a safety valve. In a little 
time, however, some ingenious person saw that a safety valve in the 
basement would answer every purpose, besides securing the additional 
haaj due to the temperature so obtained. 

An open steam and an open water liea ting apparatus are really one 
and the same plan, and iluwe w construct and operate them can take 
their choice; but '' a is limited in its operation, and 

more crippled in in boiler would be under the 

same com I 
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THE FLOW OF WATER IN THE PIPES. 
The flow, friction, and expansion of witter in the pipes of a heating 

:n.;. i:.::::-.. while of interest In the engineer mill Btudfinf I • • ■ T \<; 

reduced in a aoivema] application. 

Mr. Hood says: "The calculation of the friction of wmfc 
through pipes is alike Complicate (1 and unsatisfactory: though the 
question lias Im-i-ii iiivcstiyaicd by s .■ ahle philosopben and mathe- 
maticians, a simple ami correct formula is still a desideratum, and 
it would be almost impossible t<> determine what would lie the resulting 
velocity in a hot-water apparatus of complicated construction." 

Although some difference of opinion has existed as to the real motive 
power of a heated-water circulation, there, is a general agreement 
among professional engineers and practical men when they are con- 
sidering a simple open tank and gravity conditions. 

Tredgold, however, was not quite clear as to what really did produce 
the circulation of heated water in pipes; at least, it is notalile that he 
did affirm that the whole power was not to he found in the slight 
differences of weight between the return and supply columns. Hood 
alao asserted that the laws of hydraulics for the flow of cold liquids do 
not fully apply to hot circulation in an open or closed apparatus. 

It may be noticed, also, that, while he held to the general powm by 
gravity referred to, he also mentions the increased power of liquids to 
flow when their JfiiMcy is Increased by heat. 

He quotes Dr. Ure as saying: " Water, by having its temperature 
raised from 60° to 164°, has its velocity increased about one sixth. 
These results are wholly independent of any effect from alterations 
of pressure, but appear to arise from the particles of the fluid possess- 
ing less adhesiveness among themselves by the increased temperatures." 

Hood, while holding that the power to move a liquid circulation was 
practically gravity or the weight of a cold column pressing upon the 
wanner and lighter one, was yet clear as to other influences; and he 
pointed out and illustrated the increased power to lie derived from 
arranging the How and let urn pipes of an apparatus in rrrtim/ nit her than 
in horizontal lines, and this without any reference to an open or closed 
apparatus. Yet he evidently had the former in mind in all his treatment 
of the subject, especially as he says •• the temperature of the water in 
the pipes can never rise higher than 212°, as, if it were suffered to do 
so, steam would form, and stop the circulation." 

The effect of friction in reducing the velocity of the wateror in deter- 
mining the ultimate velocity that the flow will attain, maybe seen to be 
a very complicated subject. 

It is, however, possible to obtain a general view of the subject, and 
there are principles whose application may he of assistance in designing 
water apparatus. 
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Thiil Mr. Hood and Mr. Baldwin were both treating of luw-lcmpcm- 
ture apparatus, Ls understood; lmt it was reserved for the latter to take 
the peculiar ground that only mi apparatus open l<i the atmosphere and 
limited U"> temperatures below -12° was either safe or desirable. 

That this is the ancient anil common method of open-tank construc- 
tion and operation, we will admit; that it is common to most all 
portable and greenhouse apparatus, and to the simpler construe lions 
which in tin' past have heel! put itilo dwellings. 

That iliere is any more danger in closing a properly constructed 
water heater than a steam one. is not made clear by the array of condi- 
tions that are not liable to occur in either apparatus. 

An expansion tank of proper size being one of the main requisites of 
all water apparatus (except the Iwith Imiler), and a safety valve being 
also applied to the heater, the danger of over-pressure at the tempera- 
tures of 230° to 250° is very remote. That the domestic apparatus has 
or ever could Iw got to the excessive temperatures stated, is not 
probable. 

Generally these heater* with, say, two feet of grate surface and 
perhaps forty feet of heat-absorbing surfaces, are piped to anywhere 
from six to eight hundred square feet of cooling surfaces in the shape 
of coils and radiators ; and in the season when the outside temperature 
is low. they cau rarely lie got to as high a temperature as 212°, let alone 
any higher ones ; and the great expansion and pressure reached at tem- 
peratures of 300°, 400°, and 600° could never he laid at their doors. 

That it is possible to shut up either a water or steam house-heating 
Imiler, and then fire it to a dangerous and bursting point, is perhaps 
true, and we believe this was done in the oases noted at Chapinville and 
Eagle Bridge; had, however, these not been wroiti/ht iron and shell 
boilers, nothing hut a rupture of the weakest part would have resulted; 
as the boiler w;is wrought iron and loaded, the usual results of such 
experiments were secured." 

It is not a matter of beat alone that is involved in a closed apparatus, 
but of circulation and general efficiency, although the method of piping 
adopted by the writer may lie employed on an open as well as a closed 
apparatus, provided the expansion tank is amtuettd to the bottom of the boiler. 

Even an overflow pipe may be employed, if this simple device has 
such a hold on the engineer that he cannot get away from it, or select 
boiler and radiators that are not themselves weak somewhere in their 
Upper or lower works. 

The theoretical calculations brought to bear upon this subject by late 
writers, while doubtless correct in the main, are liable to require 
adjustment if the conditions are changed or are not those predic 1 

•See page 22S on ungate Iwllen. 
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The following explanation of the principles of tin; motion "f a hot- 
water circulation follows closely tlmt given by Charles Hood, F. I£. S„ 

Box, Si-lumiiiti, Tomiinaon, and most others who h*ve written on the 
Bubjeot, in ascribing the source of motion in thfl apparatus to the differ- 
Baofl Hi' density between ilie opposite columns »i hot ami cold water. 
The theory its presented in older treatises for pipe alone, liaa been 
enlarged here so as to include the more Modern forma of apparatus 
where radiators take the place of long circuits of pipes. 

The raiise of tlie flow of llie water M thus explained is easily under- 
stood and free from complexity. The only point where there is any 
opportunity for a diiierence of opinion is in respect to the expunM<>n nl 
the water, and the effect of the small increase in volume, due to heat, in 
accelerating the flow or in producing motion. Thii baa been ronaidered. 

■Much has Wen written on the theoretical flow of both steam and 
water in the pijies of heating apparatus; and, while this is oi interest to 
the student, and would he necessary in certain cases of magnitude, such 
as the supplying of heat from central stations, I doubt if any domestic 
or commercial heating plant has ever been c<i/i;i/<it.,{, eamttVUttmi, "r 
operated J 'rum ditto *<> nhtnim-d. 

If there baa, in all probability sonic practical mechanic in the line of 
pipe fitting had a chance to try his hand at the other part of the prob- 
lem; viz., to make it work by supplying the missing links in the chain o£ 
causation and the rule of three. 

The writer would not l>e understood as undervaluing theoretical cal- 
culations. Indeed, they are essential ; we must have a theory before we 
can have a practice. What, however, is of the most importance is a 
correct theory and a practical practice. 

Mr. Baldwin in bis late work has given much time and space (over 
the half of his whole book) to the How and friction of water in the pipes 
of a heating apparatus. That these had reference to the open syabsn 
aud horizontal circulation, limits somewhat their application; but bis 
clearness in presenting the data so derived, makes it easy to under- 
stand and compare them with other formulas and conditions. 

The difficulty with many Itooks tli.it have been written on either 
steam or water heating is that they are not often on tin level ..{ tboM 
that require practical information. If a book is all theory, it can o&hjl 
reac.li a man who is examining general principles — a student or engineer 
in some branch of heat engineering. If, on the other hand, it traits 
only on the practical application of some principle already understood; 
it falls flat for the want of novelty and utility, or rather information of 
the character that the engineer, architect, or heating contractor can put 
into practical use. 
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That nearly all writers considering circulation have done so mainly 
by applying the laws of hydraulics of the movements of cold flaid» in 
pipes to those of a heated circulation, seems singular. That the fric- 
tion of cold water in pipes may be arrived at by Prony's, Box's, or 
Ellis's formula?, is doubtless true ; but there are so many other agencies 
at work in a heating apparatus retarding or increasing the circulation, 
that it requires other data than those referred to, even to approximate 
the final result. 

While the primary motive jmwer may be traced to the difference 
in weight of two columns of water, and then again transposed into a 
difference in head, there are many Other factors that must he taken into 
account, such as the area and diameters of the pipes, the angles and 
turns imposed, the vertical and horizontal distances to and from the 
Iwiler, and the kind <•/ l»<iler employed. 

It is apparent that, if the main body of the surface is on a lower level, 
say "indirect" surface in the basement, the addition of a small aim unit of 
radiator at a higher level will not materially increase the circulation, 
the power being in proportion to the amount of tht nafaet and iU 
height above where the heat in applied.* 

The circulation of the water in any apparatus, with its consequent 
efficiency, depends mainly on the following conditions : — 

1st. Tbx HEIGHT of the cooling above the heating surfaces. 

Just as in a chimney height is an element of power in increasing the 
draught, in a hot-water apparatus increased height results in a more 
rapid circulation. If a stone is dropped to the ground, it acquires 
greater velocity in falling from a high elevation ; and similarly the 
excess of weight in the cooler water, descending from the top to the 
base of the apparatus, acquires a greater velocity if the fall is from 
the second story than if it is from the first story of the house. Where 
the various radiators are located at different heights, as is generally the 
case, the power will be determined by the mean height of the radiating 
surface above the lowest portions of the heating surface of the boiler. 

2D. The RAPIDITY of COOLING is another factor that determines the 
power of the circulation. As the water cools more rapidly, the differ- 
ence of weight between different parts of the apparatus is increased, 
and the whole tends to equalize, and attain a more stable equilibrium 
by motion. This method of increasing the circulation can be employed 
only to a limited extent with the open-tank. low-pressure system ; since 
the temperatures, being already low, do not admit of much further 
decrease, and still maintain tbia efficiency. 

3d. The power of any apparatus h bd over- 

come THE OBSTRUCTION OF FRICTION IS If 
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Tl mferatore of the water supplied fi 

• See article on verticul bottom, t 
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This is due to two independent causes: First, when the temperature 
of the water in the radiators is high, that of the metal is correspond- 
ingly increased. Thus more heat will be given out by the radiator in 
a giwn time, the rapidity of the cooling being proportional to the 
difference between the temj)erature of the radiator and that of the air 
and other surrounding objects. 

Hence the difference of weight, due to the cooling, which is the 
cause of motion, is being constantly augmented. 

A second important source of power is due to the fact that, for a 
given difference of temperature, water expands more as it becomes 
heated. The gain in weight of a cubic foot of water for different tem- 
peratures is as follows : — 

7.2 ounces, when cooled 30° from 130°. 

9.8 " " " 30° " 180°. 

11.7 " " " 30° " 230°. 

It will be seen that for the same difference of temperature, the relative 
difference of weights between the water before and after cooling is 62 
per cent greater at 230° over water at 132°, and 20 per cent greater 
than for water at 180°; and the power to circulate is better at the 
higher temperatures by the same percentage due to this cause alone. 

4th. Whatever decreases the friction, without at the same 
time reducing the efficiency of the radiating 8urfaces, stimu- 
lates the circulation. 

That a lxxly of heated water in any vessel connected by pipes to a 
colder one is in condition to move and circulate, is clear; so that a body 
or tank of water heated by steam would obey the same laws of gravity 
and circulate reasonable distances, the part that had been cooled 
furnishing the motive power for the return circulation. This applica- 
tion is sometimes seen where several greenhouses are heated by an 
independent water circulation, the heat for which is furnished by a 
central steam boiler. 

The briefest examination will, however, show that it is the vertical 
lieight of the heated column in the boiler and pipes that determines whatever 
of power is sealed in any case; therefore it is by the height of the 
boiler that we obtain our first factor of power. 

Referring to the boiler, we have seen that about every possible variety 
of form and construction has been found available to produce a water 
circulation ; but little attention has been given to the secondary matter 
of comparative power and to the more vital one of vertical height as 
affecting the result, also to the importance of position and amount of 
water to be acted upon by the heat. 
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THE POWER RESIDES IN THE BOILER. 

Before leaving this interesting question of tlie c:iuse of motion in a 
hot-water circulating apparatus, we may note us a singular fact tliat in 
all the treatment that the subject has received at the hands nf writers, 
only one has referred to the first and original source of heat and power; 
viz., that derived from the boiler, where the heat is first absorbed. 
Clearly any jiower in heated water to move must be credited fint to the 
Mm of iiiuii-ii. which U heat ; secmid I" fi'-xitlun. while being heated, 
and that which the liquid tikes Immediately afterwards. 

A given weight of any substance has a power due to the height from 
which it may descend. Thus water in the hills is a source of power due 
to its elevation above the sea ; but, once below the dam, it will no longer 
turn the wheel, and we have the significant line, — 

" The mill will never grind again with the water that ia post." 

A boiler with a fire in or under it is the spring from which the water in 
flawed to xii.-h devotion 01 'he fife* 'fill permk ; and every foot of verti- 
cal height in and around the fire is a direct and positive WW« of fearer 
to reach any desired elevation, and the potency due to Ktch elevated /»"*- 
tioii. If there is bat little vertical height in the boiler and piping, there 
will be bat little power secured to perform work and overcome friction. 

Thus when heat is applied below the horizontal shell boiler, the water 
lias but little depth above the fire, and, being en masse, is mainly heated 
by convection, currents being set up internally; the portion of water 
over or nearest the fire imparting heat to other colder layers situated at 
a distance from the fire. Thus a portion of the power imparted to the 
water nearest the fire is expended in warming and putting in motion 
the large body of WBter remote from the source of heat; and, if no 

rartiool height is given the flow, the power available for carrying on an 

extended circulation is very slight at the start, and is continually lost 
by triction in both supply and return lines. 

Besides this unfavorable condition for the reception of heat and flow 
of tlic heated water, we have also lost power to flow by a loss of say 
one half of the vertical height possible with an upright instead of o hori- 
zontal form nf boiler. 

That the amount or bulk of water treated or handled in a liquid 
eneulutiiin lias umeli to do with the result, is clear, and that it is possi- 
ble to carry this to a point detrimental to either efficiency or economy. 

The liquid for a heat circulation should be placed in a vertical position, 

both o>- regards the boiier, W in these lines the /east 

and greatest effieien ♦''•tit the water should 

be subdivided and the lie. it ^Ktof the hot leg of 

the loop. See article on cast is, pages 291-20*1. 
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That this divided and vertical position of the water in n liquid-heating 
boiler in of the first importance, will 1« seen u we axamina further into 
the primary motive power of heated circulations. This pert of our 
■Object [a not left to theory or conjecture, having been made the object 
of much experiment prior to fiiml construction, some of the results of 
which Intve been Illustrated and tabled. 

The value of sulwli vision of the surfaces in all condensing operations 
is well known, and we now see why it should extend to machines for 
absorbing heat. This construction is found in nearly all our fire engines, 
which are of the vertical class, and with water spaces of the smallest 
dimensions, the drop-fire tubes being cimimonly about one inch in 
diameter. The locomotive, having also an internally fired furnace and 
many tubes, reduces the water space, and thus subdivides the hea.tr 
absorbing surfaces. 

We thus arrive at what should be our first condition and care in 
attempting any water or liquid circulation; viz., its position and arrange- 
ment in the boiler and beater. As we have already clearly seen that 
all the motive power in an apparatus is derived from vertical column* of 
heated and cooled fluids, so we may see that not only does this condi- 
tion extend to the boiler, but that it in reality begins there, as it is in 
the basement that the greatest difference of temperatures between 
various columns of the supply and the return water is found; juid. 
therefore, it is at the boiler that we must look for our fir»t and main 
source of power. 

As each pair of vertical pipes forming a loop may Ire taken and fig- 
ured separately for their available power, so each separate vertical 
column of water within a boiler is a source of power, and the total 
power of a water-flowing boiler may approximately be estimated by the 
number of vertically heated column* aftiny nnijuintly on the main flow 
frovi tuck apparatus. 

In all electric machines, such as dynamos and motors, we see that the 
power to flow the electric current is largely determined by (he iuiihIht 
and size of the several wires employed; in other words, how lbs 
machine is wound. 80 in boilers designed to flow water, we shall find 
that it is not the mass of heating surface and quantity of water 
employed, but the number and position of the several lim 
parting with heat (which is also transferred into motion). 

With these primary elements properly arranged and con troll© 
any desired power to flow water may l>e obtained; this will be further 
taken up, and will lie seen in all the illustrations presented. 

Sfo t-uis in 11I M'i'tiuiis i<1' '!ii- building at Springfield. Most., and conditions at U 
Pierce Building, Boston, Haas., pages 439, 443. 
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Having seen that the greatest power to circulate iu the pipes is 
obtained from vertical lines, m little subdivided as pnssil.li>, wb may 
lion- stale that the reverse of this holds good when we Dome to the boiler, 
and find that the worst possible condition in which to heat water for 
circulation is when placed <■» matte, and fin applied to <<nly ■< limited 
part nf the water to b* warmed, as, (or instance, in the horizontal tubu- 
lar boiler; and this may lie further staled to consist hoth in the position 
and the quantity of the water acted on by the fire. 

The horizontal shell boiler for average size — say twenty-four horse- 
power, Or three hundred and sixty-six square feet of surface — presents 
a solid body of water three feet deep by ten feet long, or about three 
hundred and twenty-five gallons of water would then be acted upon by 
a limited amount of heating surface, — say one half of the shell, or fifty 
feet, — the rest of the shell and tabes, three hundred square feet, being 
only indirect or remote absorbing surfaces. Thus the main work is 
done by 20 per cent of the total surfaces ; and most of the work would, 
of necessity, be done by "convection " ; that is, by heating one portion of 
the water by another, and, if the body is barge, requiring time and space 
in which to set up this internal and altm/et/iir unnew-Mary circulation. 

This term "convection" is imperfectly understood by many persons, 
when treating of the heating of liquids that are not Ml matse. 

A late circular by a manufacturer* gives cuts, and attempts to 
explain how water is always heated by convection, and that their par- 
ticular construction is valuable because this operation has been carefully 
studied and incorporated iu latest designs for heaters. The real facts 
are that, by the very nature of the construction cited, "convection " is 
possible only to a very limited degree, and because of that, their boiler is 
valuable as a direct water heater. No large body of water is heated by 
another. Certainly With propositions will not hold good at the same 
time, and the mure valuable one is hist sight of, to bring in a condition 
neither desirable nor indeed present. 

Another vertical heater manufacturer, while making and describing a 
•-iiiiil.ii heater, claims to have eseaped the heating of one portiou of 
water by another, by causing their entire water to flow in a dirwt line 
wao c t w ivety through tin- teveral Motion*, "passing the water seven times 
over a ore-heated surface." This is the reverse of convection. 

hut For some increased efficiency secured by this class of 
vertical and portable healers, they could not make their surfaces carry 
from three to four times the load of radiators scheduled for horizontal 
tubular and other boilers. < [early, then, as heating by convection and 
' < operation lietween these dif- 
ferent moi ipine that, the direct-heater 
people will fii 'idition of the horizontal 
shell boiler 



4j> 

/ i? Heat: Its Science, Production, and Application. 



426 

"^ 






The matter of the transfer of heat by convection currents set up in 
large bodies of water having a local and limited amount of heat, while 
of philosophical interest, or as studies for children, has no practical bear- 
ing on the construction and operation of a l>oiler or a heating apparatus 
that in no way resembles the models and conditions referred to. 

We may state it broadly that the heating of a large body of water by~ 
a limited lire surface (by convection) is where the horizontal tubular* 
lioiler fail* both in economy and power, and that the reverse of thia 
condition is seen in the vertical and sectional heaters of which the 
Ourney, Perfect, and Spence are examples. The principle of heating 
water in small vertical columns is further seen in the Mills and Mercer 
boilers. (See chapter on Vertical Water Heater, pages 28U-300.) 

Thus we may repeat that the worst possible form in which to heat water 
for a fluid circulation is in bulk, or in a horizontal position, and the bett 
form in which to place it is in a vertical and sectional boiler, regardlm 
of the materials, or who makes, sets, or sells either kind. 

I am aware that on* or two firms employ the horizontal tubular boileri 
for water circulation successfully* but the whole method, conditions, and 
surroundings must be adapted to it. 

To overcome the want of height or head in basements, it is customary 
to sink the boiler in a pit below the basement floor, so as to obtain the 
required fall or difference between the supply and return lines. 

The sinking of the l>oiler is a clumsy and expensive device to com- 
pensate for lack of headroom, since much better results may be 
obtained by elevating the supply; that is, leaving the boiler at the 
natural level and flowing all the water to a point above the level of the 
floor where required. If there are no high radiators, the expansion tank 
should be arranged to take the entire contents of a single flow pipe, 
when one or more secondary supplies may be dropped down, and carried 
where desired. 

This kind of a circulation on a large scale is illustrated in plate No. 43, 
being a section of the county buildings at Springiield. We have before 
referred to what engineers are pleased to call the "phenomenal" water 
apparatus of any country ; since all the adverse conditions that could 
be brought to bear on any apparatus are here met and overcome, whils 
one foot of radiator warms ninety feet of space, with excessive wall and 
glass exposures* 

It should be seen that any plan that holds up the supply temperature 
and reduces the let urn, quickens circulation, also that the greater 
amount of heating surface which can be carried on any one line accom- 
plishes the same thing. 

•See cuts and table No. 17. 
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Returning to sectional boilers anil beaters, we may see that, instead "I 
% large body of water lying en ma*#e in 1m.: heated by convection, there 
is a much smaller body, less than one third, subdivided into small 
columns or spaces, on which the heat acts directly, and thus causes 
immediate movement of the water away from the heated plate; and cir- 
culation ensues in the flow pipes instead of inside another body of 
water, which must continue until beat enough is imparted to the whole 
mass to muse it to move slowly out of the flow pipe, 

■ It will be seen, by reference to the testa with water apparatus at the 
Pierce Building, that within thirteen minutes after heat was applied to 
the boiler the general circulation commenced j the apparatus in this 
case containing over two thousand gallons of water, 

This quickness of action was doubtless due to the fact that the 
heated water was free to rise immediately to the top of the building 
(seven stories) : thus the temperatures in the boiler were such as to 
absorb the greatest amount of heat from the fuel. The larger the 
apparatus the longer lime in general required to start the circulation. 

There is a further source of power to move and carry on a liquid 
circulation in a boiler and heater, lost sight of by the advocates of an 
open-tauk system. While they all agree that the power is proportional 
to the temperature, to secure an open-pipe system, they must lose the 
source of power when Hearing the boiling point, lest steam should form, 
and, as Mr, Hood says, "stop the circulation," or, as we may say, lest 
(!irv send the steam out into the building and the surplus hot water to 
the drain, through the " innocent overflow " pijie provided to relieve the 
boiler of any pressure anil so any reserve power. 

On the Other band, in a closed apparatus having vertical rising mains, 
temperatures above 212° not only do not impede circulation, but quicken 
it. Even if steam forms in the boiler and in the rising supply main, no 
harm n ill be done or trouble ensue ; the pretence ef tteam »idy further 
txptmdt and lightens the jlotc, and thim inert itxrx the circulation, at the 

xiiitii lint< iliei'i-iiMiiii/ tin' ili'ilil'lli/e halt. 

The effect of this increase of velocity in the flow is seen at once in 
liit; sizes of pipe required to carry a given amount of heat, which is an 
important factor in determining the first cost of a water apparatus; 
this is referred to elsewhere. 

The sixes of pipes in use and required for the two methods are com- 
pared in diagram No. 29, and further illustrated in the sketches of 
piping for public buildings, and particularly iu the report of Colonel 
Greene on the heating of the Fierce Building. See pages 440, 441. 

• Diagram of circulation, page 437. 
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HEAT — TOTAL AND AVAILABLE. 

The total heat in the water is the gross amount absorbed in 
heating the water, when cold, to its maximum temperature in the 
boiler. The amount will vary slightly as the water to be heated is a 
few degrees warmer or colder within the limits of 32° to 60° Falir. 

It is apparent that the total heat of any apparatus is seldom avail- 
able. The fraction of heat that is communicated to the air, and 
maintains the temperatures of the rooms, is represented by the fall in 
temperature of the water in the course of its circuit, or the difference 
between the temperature of the flow and the return. The remaining 
portion of the total heat — which is represented by the difference 
between the temperature of the return water, after having been 
employed in the radiators and the pipes, and ,that of the same water, 
when cold, before any heat has lx?en applied in the boiler — remains in 
the water, and continues to circulate, and is only imparted when, from 
any cause, heat is let down in the furnace, and the whole apparatus cools. 

In the " open-tank ? ' system, as employed in domestic heating, there 
is room for but slight reduction of temperatures, without sacrificing the 
efficiency of the surface. Hood states that 20° exceeds the difference 
between the temperature of the supply and return water that usually 
occurs in practice; also Mr. Baldwin, in estimating the sizes of main 
pipes and risers, considers a minimum cooling of 10° and a maximum 
of 15°. Under these conditions only one ninth to one eighteenth of the 
total heat in the water is realized. 

In the closed apparatus, where the flow pipe may be as high as 230° 
or 240°, the water may he cooled from 00° to 80°, and still have a mean 
temperature of 200° in the radiators and the l>oiler, as high as with the 
open system under the most favorable conditions. Thus three to four 
times as much of the heat of the current is utilized, or about ane third 
of the total heat of the water. 

The advantages thus secured by a closed apparatus are as follows: — 

1st. With the same sizes of pipes, from two to three times the 
radiating surface may l>e supplied with heat at the same mean tempera- 
tures, 200°, as in the open-tank water system. 

2d. Where there is no call for increasing the number or size of the 
radiators, the same surface may be served with pipes of one half to 
one third the area. 

3d. With equal amounts of radiating surface, the efficiency due to 
temperature may be increased one third over the maximum duty 
possible with the open water apparatus. 

4th. The closed system allows of the same range of temperatures for 
mild weather, the circulation continuing to lower temperatures of the 

" ow * See diagram No. 22, Water Circulation, page 487. 
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THE BOSTON HOT-WATER SYSTEM FOR THE DISTRIBUTION OF 
HEAT AND POWER.- 

The distribution of heat ami pnwcr has been accomplished on 
different scalus in a number of cities in this country, and successfully, 
where iliu : precaution has been taken against the liabilities to which 
they are exposed. 

More recently a system for distributing beat and power from a 
central station by means of water circulated through the pipes and 
mains at a high temperature is receiving marked attention from" the 
fact, as a foundation principle) that one cubic foot of water will 
contain many times as many heat units as a cubic foot of steam. 
It is therefore claimed to be more economical lo circulate water at high 
ti'inp.-iature (about 400° Fahr.) and consequent pressure, as a vehicle 
for heat. (See table No. 14, page 407.) 

t" The water is circulated from a central station where a number of 
boilers are located. From the boilers proceeds a pipe to a pump. This 
pipe is attached to the suction end of the pump, and consequently the 
action of the pump withdraws the water from the boiler. From the 
discharge end of the pump a pipe extends through the streets, and, 
returning to the central station, re-enters the Imiler. As soon as the 
pump is set in operation, the water flows out of the boiler by the auction 
pipe, ami is forced round through the streets through a line of piping, 
forming a loop, and back again into the boiler by the pump. If during 
its passage no water is taken from the main, every stroke of the pump 
withdraws from the boiler and returns to the receiving tank in the 
leiiler-lionse an equal quantity of water, hi reality the office of tbe 
pump is simply to sustain a continuous circulation through the hot- 
water main, or loop, as explained. 

"Directly beneath the hot-water main there is another pipe, which in 
the station terminates in a tank. This second main collects the water 
as fast as it is used ami Cooled, And returns it to the station, from wliicli 
function it derives the name of the return main. As tbe return maui 
empties into tbe lank, all the water which is cooled and carried back to 
the station is delivered into this tank, from which a second pump draws 
the water and forces it buck into the boiler, to again receive a fresh 
quantity of beat and be ready for another journey through the supply 



" From point to point al 
curb stone and terminate in ll 
box is so arranged as to enable 

•Tnleli known u tlie I'rall system 
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" The supply pipe is made of u extra heavy " pipe which will resist 
twelve thousand pounds per square inch ; every piece which has been 
used has been tested to four thousand pounds per square inch, and the 
whole main tested to fifteen hundred pounds per square inch as fast as 
laid. 

" It is expected to deliver water to customers at a temperature of 400° 
Fahr., which corresponds to two hundred and thirty-five pounds pressure 
above the atmosphere, from which will be seen the necessity of strong 
pipes and fittings. 

44 Where steam is to be used for power or heating, the water is intro- 
duced into a device called a converter. This contrivance may be briefly 
described as a steam dome. The end of the copper pipe as it comes 
from the street is attached to a reducing valve, which admits the water 
into the larger receptacle at a reduced pressure, and part of the water is 
thereby permitted to take up the superfluous heat and expand or 
44 flash " into steam. The converter is supplied with a safety valve for 
carrying off any excessive pressure of water or steam due to failure of 
the reducing valve or discharge trap. 

44 This system was put into operation in Boston about the middle of 
December, 1887. The pi|>e line, after being tested, was thoroughly 
washed, and the main was then connected with a battery of two 
hundred horse-power boilers, under which a slow fire was started so as 
to gradually heat the water in the boilers. 

44 A steady circulation was maintained throughout the system for ten 
days. At that time the temperature in the main was raised about 380°. 
The whole line was carefully watched to ascertain whether leakage 
developed, and to observe the operation of the expansion joints. No 
trouble of any kind was experienced, the main under heat being found 
fully as tight as under cold-water pressure. After thoroughly testing 
the mains, connections were made for customers, one after another, and 
at the present time (June, 1888) the company is heating about twenty- 
five large buildings and supplying steam to a number of engines. 

Note. — While there is not now any question as to the possibility of sending heat 
and power over a large territory, using a highly heated liquid as the medium, it has 
always been a question with engineers and practical men whether such a distribution 
at the high temperature and pressure required, could be made a financial success. 
This appears to have been the rock upon which this enterprise foundered, as at that 
date, January 1, 1889, the company suspended operations, as they say, "to examine 
into the lately discovered corrosion of their carefully tested lines of wrought-iron 
pipe." At this writing, April 1, 1890, they have not resumed work nor given any 
intimations of doing so. 
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In tlte following plate are seen the boiler, pipes, and radiators as 
employed bl the Mills overhead and singly pipe steam and water system. 

Tin: boilar, A, of vertical construction, is phu-ed in any convenient 
location, from which a single flow pipe, B, is carried to the highest point 
of the supply, or above the highest radiators, from which main, 
horizontal lines, G C, convey the heated element to the sides <A the 
building, where vertical drop lines, D, pass down through the several 
si mil's, where they join a common return line entering the boiler. 

The radiators, 1, 2, 3, 4, 5, 6, 7, 8, and &, are attached to these drop 
or return lines; if water is the heat agent, the radiators arc eOJUtSCtod 
top and bottom, as shown (number 6) ; if steam is the agent, the radiators 
require but one connection, which is at the bottom (figures 2, 3, and 7); 
the circular radiator around the column is rightly connected for either 
■team nr water, and the same may lie said of the indirect stack No, 9. 
This is the whole matter of piping in a nutshell. 

The main pipe is shown passing up a ventilating flue, but may be 
run anywhere, and at distances from the boiler before ascending to the 
top of the building. The expansion tank is also shown as located in 
the attic, but it might Iw located anywhere on the fourth floor, or high 
enough to take the air from the radiators and from the lines C C. 

It will be noticed that the distinguishing features of the piping are,— 

1st. That the heating agent is flowed, for all vertical work, to a point 
above the radiators, which are then eonneiied to the return lines. 

2d. The down line then Iiecomes both the supply and return for each 
separate line of radiation, controlled by a single valve at the bottom or 
top of the radiator. 

3d. That in this arrangement all air is immediately expelled from 
both pipes and radiators, which will always keep free. 

4th. Sizes of pipe that are large enough for steam heating are ample 
for water. Indeed, they are excessive; for vertical pipes will carry 30 
per cent more heat to and from radiators than horizontal ones. This will 
be further considered and illustrated by cases in practice. 

The estimation of the cost of the two methods (centre of plate) is 
shown for each four radiators, and supposing that we run a supply line 
from the basement for the four stories, whereas one vertical supply line 
will serve a whole building, so that the estimate of 25 per cent gain is 
Mow the saving effected by this method. 

In the largest buildings, it is often advisable to run two rising flow 
lines, thus dividing the building into two sections or divisions. The 
Pierce Building is so divided (see table No. lti); heating surfaces, 
5,458 square feet; two rising lines, 5 inches dial"* the water 

flows out and returns to the boiler through -s only 

one boiler is in use at one time. 
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Plate No. 41. The Hills 
head, n vst.i'rii i-f sienm or water piping. 
Single valves only are required. 



Steam or water is taken directly to 
hi I'll point, the radiators being thro 

L<1 t<> the single retnm lines. 
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MILLS SYSTEM, OVERHEAD SUPPLY.* 

HE author, while bringing bis application of water to the notice 
of bin readers, does not claim entire originality for the single idea 
of flowing water to a high point and supplying it downward to 
coils, as a crude application of such construction is seen in the 
early Perkins apparatus, 1830. Charles Hood also referred to this 
system, arid pointed out sonic more rational and practical applications 
of it. His treatment of the whole subject of liquid circulation, while 
the best and clearest of any, generally referred to an open-tank ami pipe 
■ycbm, and to double pipe and connection to coils and radiators. He 
was, however, well informed as tr> other conditions, and the advantages 
to be derived from elevation of the pipe, ami higher temperatures to 
be obtained in a water apparatus, closed and under pressure. 

The treatment by later writers of the conditions of a closed apparatus 
proceeded evidently on the assumption that the boiler and pipes were to 
be nearly Idled with water at 40°, and then heated to extreme tempera- 
tures, and all this without a properly proportioned expansion tank or 
safety valve, to relieve the pressure thus created. 

Tliat the early Perkins system of heating water to high temperatures 
and confining it in the pipes with hut limited room for expansion, gave 
rise to much of the literature on the .subject of a closed apparatus, is 
apparent from a perusal of the early and late writers ; while lint few of 
them mention the fact that the Perkins apparatus, crude as it was, had 
an extensive run and use l»>tli in the United Slates and England, it 
being introduce! I in this country by Joseph Nason and his partner, Mr. 
J. 3. Walworth, in the years 1840 to 1850. See pages 891, 392. 

Perhaps nothing connected with this overhead piping will be harder 
to understand than this How of the water in single pipes to supply- 
several radiators in the same line, without affecting unfavorably the last 
or lowest radiators. As the following description of the actual con- 
struction at the Pierce Building touches nearly all points, we do not 
follow this detail further, except to refer to diagram No. 22, which 
■hows the main facts of this remarkable circulation for the whole month 
of December, 1888. See page 437. 
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DESCRIPTION OF THE HEATING APPARATUS AT THE 
PIERCE BUILDING, COPLEY SQUARE, BOSTON.* 

This is a building of 551,000 cubic feet of space, consisting of seven 
stories, sixty-three rooms, with halls and other spaces ; the first story, 
170,000 feet, being on a steam line from the power boiler, leaving 
881,000 cubic feet on the water circulation. 

Boiler plant consists of three seventy horse-power Mills sectional 
boilers No. 6. One of these furnishes steam of eighty pounds pressure 
to the duplex pump for the two elevators and to a forty-two horse-power 
Armington and Simms engine, which operates the dynamo for the Edison 
system of electric lighting. One of the other boilers carries the water 
circulation, while the third is a spare, and may be used for furnisliing 
steam for power or heat for the water, all the boilers being interchange- 
able for either service. 

The piping for the water circulation is connected to all the three 
boilers by a six-inch cross line in front, from either end of which a 
vertical rising-main, five inches, is carried directly up to the sixth floor, 
where it is reduced, and smaller lines encircle the building. 

Generally from the sides of this line, as at 1) (to provide for expansion), 
the fifteen or more supply and return lines are taken, passing down the 
outer wall to the basement, where they are gathered into two main 
branches, and enter the absorber at the rear of the boiler. 

On these down lines the radiators are attached by two connections, 
as shown on the section of building, plate No. 41, jwige 432. It is thus 
seen that the cooling surfaces are attached only to the return lines, — 
such lines l>eing both supply and return, feeding the radiator, and receiv- 
ing the water that has passed through them into the same pipe. This 
matter is fully illustrated in table No. 15, where there are some further 
references to the facts of circulation and surrender of heat under this 
simple yet certain condition. 

The seventh story consists, as shown, of but three rooms and hall 
(which is listed with the sixth floor). This floor is supplied by a rising 
line from the floor below, on the head of which is the expansion tank 
for this front section; the back section having its own tank located 
above all the pipes, but lower than the front tank. This second tank 
is laid horizontally ; has but one inlet, which is at the bottom ; and is 
thus air chamber and tank combined. The front tank is 30 x 60 inches, 
or 182 gallons, two thirds of which is available for expansion and swell 
of the water. The rear tank is 20 x 72 inches, or 98 gallons, and one 
half is available for increase of volume, before much pressure would be 
added to that ordinarily found in the pipes. 

Returning to our piping and to plate 41, page 432, it will be seen that 
the scheme is resolved into : — 

\ ^ • See table 16, which is a schedule of the rooms, walls, and glass, 
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1st. One or more vertical boilers, with one or more vertical rising 
flow lines from boiler to the attic, or the highest point of the general 
distribution. 

I'll. A general horizontal distributing line encircling the building, on 
the tipper floor, and a general return gathering line on or below the 
lower floor, a final branch from which enters the lowest part of the 
boiler. 

3d. Intermediate between the general supply distribution above and 
the general return line below, are run as many vertical connecting 
supply lines as are required to serve all the radiators that may be 
located on these vertical supply and return lines. 

4ib. That all the heating surface is attached or connected only to 
the return lim-x. which is the exact reverse of all oilier methods, and 
may be taken as the distinguishing feature of this system of piping. 

The compound radiator lines are, as seen (table 16, cut No. 23), both 
the supply of the several radiators and their return, there being no sepa- 
rate system of return and supply lines to each radiator. 

Thus it will be seen that the entire piping, vertical and horizontal, 
on the application of beat, goes into immediate positive, and rapid 
rirculittion, having no reference to the radiators, except that, when 
they arc opened up and begin their work, they increase the circulation, 
and continue to do so in proportion to the amount of water cooled by 
them, whicli adds weight <nid power to the return line. 

The work possible to any water radiator with any system of piping is 
known (table No. 10), also that it cannot be increased by any number of 
pipes beyond the pounds of water that such heating surface will cool 
per hour, a certain number of degrees.* 

In the Pierce Building, the return water is not passed directly into 
the boiler, but into a reheater or absorber, lying horizontally just back 
of the boiler, and into which is discharged the exhaust steam from the 
duplex pump working the two elevators, and also the steam from the 
forty hi irse-power engine driving the dynamo for electric lighting. The 
heater is twelve feet long, twenty-four inches diameter inside, and filled 
* lib mie hundred copper tubes ; the exhaust steam passes through the 
tubes, while the water returning from the radiators flows around these, 
absorbing a large amount of waste heat. 

This is rendered practicable only by the system of piping employed, as 
ordinarily it would not be possible to make the circulation effective if 
the return water were heated as well as tbe supply ; since, as we have 
already seen, the power of liny gra\ determined 

by the heiijlii multiplied !■■/ the Jijfen . „ the warm 

dint cold a rf lwam. 
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The following diagram, No. 22. is the record of temperaiu: 
water and air at the Pierce Building, taken every day, for tl 
air and water, during ihe month of December, 1888, by the engineer in 
charge, Mr. Johnson. 

The upper line of the diagram shows the mean temperature of the 
aii- in the rooms, ranging from 70° to 75°. 

The line next below this indicates the state of the thermometer hung 
outside the building, the temjwratures as seen ranging from 5* to 60* 
above zero. 

The two lines in the lower part of the diagram are for the tempera- 
tures of the water at the boiler, the upjier one being taken by a 
thermometer placed in the supply main riijie and the lower one in the 
return pipe, after it had been cooled by passing through, the apparatus. 

The mean difference of temperatures shown is about 80°, tin- range 
being from 210° maximum to 166° minimum for the flow, the last 
corresponding to an outside temperature of 50°. The main outlines nf 
the water curves may be seen to correspond to the conditions of the 
weather, rising when the temperature falls and falling when the DUtatta 
temperature rises. 

The sharp projections and angles are due to the action of the 
'•Converter," the greatest proportion of heat being taken from tie 
exhaust steam from the engine running the dynamo, so thai the heal is 
the water in the morning is generally in excess of that later in the day. 

During the part of the month of May, 1889, when less heat was 
required on the building, it was supplied wholly by the exhaust item 
with nri the under the water Iwiilcr, the water circulating at a tempera- 
ture of 150° flow, 130° return. 

The records from which the above lines were mapped Mete festal 
four times each day (except the upper line). 

In the test of circulation in the table below, the full range dJ 
tures is shown under which the apparatus is intended to be operated, 
when all the rooms in the building aie under heat, These tests also 
show the rapidity with which the circulation can be establish! 
pressures in the apparatus corresponding to the different temperstaraa] 
the pressure due to the head of cold water, standing eighty-six feet 
above the boiler in the apparatus, being thirty-eight pounds per square 
inch when the water is cold, and 50 poll nils at the excessive ten 
of 252°. T/ie ■"■■■ /•>!</'■ ri'f in ■prmnurc if 1 pouml/iireneh 10° of U 

The proportion i >f space under heat that "as mi the Itoiler di 
month of December is as follows : — 

Number of rooms, 5i| : cubic feet. 195.209 ; average per room 
space in halls and unoccupied rooms, 179,319, held a 

See schedule of building, page 439. 
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DIAGRAM No. 22. 

Conditions of Water-Heating Apparatus, Pierce 

Copley Square, Boston, Mass., December, 1S8S. 
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SESULTS OF TEBTS OF CIRCULATION PROM COLD WATER, 46". 
Mills ISoileii No. U. (See Plate No. 14.) 
10.22 a. M., fire started; pressure, 38 pounds, due to head of 80 feet. 
10.35 a. m., temperature, 120°; the Are coaled. 

11.20 a. M., " 161°; temperature o£ the return, 110"; pressure, 40 pou 

12.00 m., " 218°; " " " " 160°; " 40 

12.45 P. M., " 2S2°; " " " " 200°; " 50 ' 

Temperature in the smoke flue, average .100° ; nutside iiir. 40" Fahrenheit. 
April 5, 1888, L. K. Greene and J. II. Mills, engineers. 
\OTE-— For a rtit in U •npeniture of K per cent the vain In ifflrintry U DO j«r cent. 
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Heat: Its Science, Production, and Application. 
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Pierce Building, December, 1888. 

•Heat and Fuel by Calculation and by Weight. 

STEAM 8Y8TBM. 
For Heat to Maintain Temperatures and to 8upply the Loss by 

Ventilation. Units 

per hoar. 

Glass. 1,657 square feet, at 80 units per foot 133,500 

Outside wall, 2,908 square feet, at 8 units per foot 23,264 

Air space, 104,000 cubic feet, at .8 units per foot (ventilation) . . . 83,200 

240,024 

Corresponding Amount of Heat Supplied by the Radiators per Hour. 

1,000 square feet of surface, at mean temperature of 228: Average 

duty (day and night), 240 units per square foot 240,000 

Coul Required for Steam Radiators. Poondi 

For Heating first floor (as above), the heat available in the radiators per day 

being taken at 7,000 units per pound of coal (gross) consumed, pih.). 

240,000 x 24 -i- 7,000 824 

For Power. 

Dynamo 42 horse-power, 6 hours, 42x4.5x0 1,134 

Two elevators, 8 hoi>e-i>owei\ 8 x 4% x 15 (in use 15 hours) .... 540 

Heating ballroom, and hot water for sinks 204 

Total as above for 24 hours 

2.TO1 

Amount of Hard Coal Burned under the Steam Boiler. 
Average, per day, for the month of December 2,701 

WATER SYSTEM. 

For Heat for 50 Rooms and Offices under Water Circulation. Unita 

195,000 cubic feet. per boor. 

Glass, 1,772 x 80 141,760 

Wall (outside) 9,108x8 73,344 

Air space, 195,209 x .8 units 156,167 

Halls and unoccupied rooms maintained at 50° 140,063 

511,350 

Heat Supplied by the Radiators per Hour, Average for 24 Hours. 
Temperature of the water, ave., 160°, 3,409 square feet at 150 units . 511,350 

Coal Required for Supplying Heat. 

For heating rooms and offices in use, the heat available in the radia- Pounds 

tors being taken as 8,000 units per pound of coal consumed, per day. 

871.267x24^8,000 1,114 

For maintaining the temperatures of halls and unoccupied rooms, 

179,319 cubic feet, at 50°, 140,083 x 24 -r- 8,000 420 

1.534 

Coal Actually Consumed. 
Amount of soft coal burned under water heating boiler, 24 hours, 1,030 

Heat absorbed from the exhaust steam by the water circulating 
through the converter {dynamo, 105 2>ounds, pump 330 pounds) . 

1.525 
FUEL FOB APRIL. 1889. 
Screenings, hard coal at $2 per ton, 3,076 pounds = $3.07. 
Soft coal at $5.50 per ton, 0,225 pounds = $17. 
The above was used for heating only. Total, 9,300 pounds. 

Amount for heating during the month of December, 27,997 pounds, or a consump- 
tion of about one third as much coal under the water boiler during the month of 
April as during December. 

• See preceding diagram, also page 480. 




The Warming and Ventilation ok BUILDINGS. 
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Heat: Its Science, Pkodcctioic, and Application. 
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WALWORTH MANUFACTURING COMPANY, 

HI Oi.ivru Sthkkt. 

Boston, April 23, 1886. 

Qentlrmen : I submit herewith a report 'if hfiaMllf appandU ami other work per- 
formed by Mr. John H. Mills at the PIMM liuildtm,"; such CfirtlaWl being no* 
pianMnrilj completed. 

Inasmuch as the adoption by Mr. Pierce, of the Mills' system of hot-water heating 
for that building, was advised by the Walworth Manufacturing Company. I deem 
it only justice to all partita, and the relation we bear Mr. Fierce as a, customer, 
to make a formal report on my observations upon the Apparatus as now ft 
and call your attention to an analysis of the charges therefor; which latter show 
quite conclusively the comparative cost between a h ot- water apparatus as designed 
and put in by Mr. Mills and flu cost of a steam apparatus as originally contemplated 
and estimated by myself; and it la hut fair to say that, until a very abort time. 
Mr. Mills was not aware of the amount of such estimate made by me. 

Having provided Mr. Mills with a copy in detail of our charges, I requested him to 
analyze it, and separate from the mass such items as were not included in the heating 
apparatus proper, and were not estimated upon in my original figures; which aerrics 
he lias performed, under different headings; to each of which 1 call your attention, 
merely remarking that there lias been added boiler power sufficient for electric light- 
ing and other power purposes; an electric plant put in sufficient to light the building 
with *.M) lights, sixteen candle-power, with duplicate pipes, foundations, and prepara- 
tion for a duplicate apparatus if required; also pipes and apparatus for fire service, 
and for the protection, by means of steam pipes, of the roofs and gutters from ice. 

The heating apparatus which be has put in, also includes a system of ventilation 
not contemplated at all by myself in the original figures; the covering of steam pipe* 
and of tanks with a non-conductor, wherever necessary; furnishing all tools for the 
operation of the apparatus; the supplying of all steam and exhaust pipe* necessary 
for the power added, and the temporary beating and care of the building during its 
construction the past winter. 

The apparatus originally contemplated was a plain "direct" low-pressure steam- 
beating apparatus, having none of the rising pipes concealed, but all exposed in the 
rooms, and the employment of the wrought- iron tube radiator, placed on blank 
spaces of the walls wherever such suitable space could be found and utilised. Such 
apparatus would no doubt properly warm the spaces intended, and would have been 
no less unsightly than the ordinary apparatus in any ooasamolal building, and no 
less " in the way." In other worths, as objectionable as such things usually are. To 
have made it less objectionable, or more sightly, by concealing the pipes, screening 
the radiating surface, making it of such heights as to adopt it to the recesses under 
the windows, would have added an item to the cost, which at the time of giving the 
matter consideration, I did not deem advisable. 

I did not include many of the other things that Mr. Mills has performed, and 
which go to make up, as .-.ni, nearly one half of the total amount expended. 

On the 5th of April last 1 spent the day in the building, making such observations 
as would familiarize me with the apparatus, and taking some interesting data with 
the apparatus in operation ; and I do not hesitate to say that we ourselves, acting as 
agents for Mr. Pierce, and Mr. Pierce himself, a* our customer, may well feel grati- 
fied with the result of our decision in the adopting of the water system, and the 
results obtained thereby. 

1 call your attention to one particular feature: the apparatus, as constructed, may 
be either a steam-beating or a hot-water apparatus, or it may be part one and 
part the other, and is the only instance of the kind ever brought to my obaerva- 
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Mr. Mills has put in what lie calls an " absorber,'' bo that all waste heat from the 
exhaust steam, ilial may bo used for any purposes whatever, is recovered anil turned 
back into the Iti-tilintj uiifurniim. All the heating pipes nbove the basement are con- 
cealed; the radiators are placed in recesses under the windows, and the whole 
apparatus is as little objectionable to the view as it is possible to construct such 
things. It is easily controlled, and vi>ry .simple in npenitioii. Proper ventilation 1ms 
been provided for many rooms, especially for the large hall, containing about 
85.00U cubic feet. 

The hot-water apparatus must of necessity he noiseless, and is certainly much 
more economical in fuel than any steam apparatus can be, because of its greater 
range of adjustability; and I do not heritatc to nay that in a steam apparatus, had I 
llffcllnllll to W WW the same, desirability of form ami other advantage* arramidiahtd by 
Mr. Mills, the r/,st teould hare been rery much in, excess of what oar charges nom are. 

My original estimate for the heating apparatus as described, was stated by me to 
Mr. Pierce at $8,uf)0. An analysis of our charges, leaving all uncertain and unknown 
quantities m a charge against the heating apparatus, still leaves a sum under my 
estimate of $2". 30; a result so gratifying that I think both our client and ourselves 
have much reason for congratulation. 

In this connection it may reasonably be supposed that with such economical con- 
struction as is proven in the cost of the heating apparatus, the other charges, under 
the separate headings enumerated, as is shown in Mr. Mills' report, are also corres- 
pondingly economical, and that the total charge of $7,120.30 (being the total under 
the eight different headings not included in the regular heating) should also be satis- 
factory. I have examined each of these charges in detail, and so consider them. 
Yours very truly, 

Levi It. Gbkkke, Conntructiny Engineer. 

Note.— There were further charges and credits made against this building 

from April 1 to July 15, bringing up the total to balance all accounts, $20,331.78 
Credit by stokers removed, and sundries (118.00 
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$10,713.70 
uct extra charges, not in tho original estimate H,.iSo.OO 

saving for Regular Itealtwj Steam and Water $10,128.78 

Still the showing is not unsatisfactory; wo see that the total cost is small com- 
pared with the class of work and material in other buildings. 

fit of the complete apparatus per square foot of radiator (both systems) . $1.48 
r 1,000 cubic feet of space warmed (both systems) 18.00 
" 



Schedule of Extra Accoinis Kki t. 
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Increase of boiler power and plant for electric lighting, which includes 

the absorber (588. 73) $2,588.75 

Fuel and care of the building, 0j£ months {heat day and night) . . . 3,085.18 

3. Ventilation of ballroom, banquet-rooms, and stores, etc 1,346.71 

4, Engine service, steam supply, and exhaust to the roof 810.48 

3. Elevator's water supply from the street 034.71 

8. Pipe and tank covering (asbestos air space) 400.31 

7. Fire service, including automatic sprinklers in elevator well . . . , 300.81 

8. Roof protection from ice, steam piping boiler to roof 216.32 

0. Tools and boiler-room expenses 106.54 

Tank, hot-water supply to the building for sinks 150.00 

$11,585.00 
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HAMPDEN COUNTY JAIL AND HOUSE OF CORRECTION.* 

The distinguishing features of the plant are the distances from the 
boiler-room to the main buildings, three in number, and the fact that 
the water is flowed downward* under {/round, and ignores all level*, 
height** and distance** circulating j>erfectly through over 600 feet of 
main supply, or 2,000 feet of supply and return pipe, the friction of 
which has to Ixj overcome : also the loss of heat due to such a distance, 
with many of the supply and return lines used as heating surfaces. 
This pipe surface is (see table) 1,700 square feet, while we may note: 
Water *y*tem* heating surface to apace warmed* 1 to 88 ; steam*, 1 to 70. 

Plate No. 43 is a sectional view through the boilei>room, tunnel, 
men's cellroom, and workshop; it also shows one radiator on the 
chapel floor over the workshop, which is the highest point to which the 
water is flowed. 

The main flow pipe is seen rising from the boiler to the expansion 
tank located under the roof of l>oiler-room, this point being 84 feet 
above the lowest point to which the water descends before entering the 
tunnel. The down flow and horizontal pi]>e through the tunnel is 7 
inches to where it branches inside the men's prison; but the vertical 
risers from the lx)iler to the expansion tank and the return inlets to 
the boiler are only 5 inches, so that the total heating surface* over six 
thousand square feet* is nerved through a five-inch pipe* the whole length 
of the main flow and return pipes being over 1,200 feet. 

After entering the men's prison, the main flow divides into two 
5-inch rising pi pen* one on each side of the cell block; the horizontal 
line which it supplies lying, as seen, immediately below the corridor 
walk for the lirst tier of cells, or sav 10 feet from the floor. 

The 4-inch distributing line encircles the entire cell block, two lines 
passing from this room (2<)0 feet long) into the bathroom, and so on 
into the workshop (over 100 feet long), the chapel being above the 
workshop, as shown. 

The other ends of the 4-inch lines pass to the front, and make a descent 
at an angle of 45°, to enter below the floor of guardroom ; this line 
also serving the women's prison and the indirect radiators 2,000 feet. 

POWER TO ISEUIX AND TO CONTINUE CIRCULATION. 

With water cold in the pipes at G0°, and heated to 220° in the boiler, 
and the vertical pipe above connecting with the expansion tank (as 
shown in plate 4-3), the head effective to start the circulation is 
that due to columns of water fS4 feet high, one at 60° and the other at 
212°, or 17.14 inches, more than 8 times the head required to maintain 
flow when circulation has once been established. 

* Plates Xoe. 43 and 44. 




After (In- water, acting under this impetus ami local circulation, 
li;i- reached the radiators, it is cooled in passing these ami th>- pjpai 
before returning to the boiler from 80° to 70°, according u> tin 
i in treather, the mean temperature not falling below 190° in the coldest 
weather. 

The average height ol all the radiating surface abore the lowest 
water in tin- boiler where heat is applied is about 12 feet. 

The head to produce motion due to the excess of weight of water la 
lb*- radiators and return pipes is about '2 inches if we consider the mean 
difference of temperature between the supply and the return to !"■ -l" - 

The friction cannot l>e exactly computed Eor the whole apparatus, 
the principal main being divided into two . Vim 1 1 branches, and these again 
supplying numerous minor circuits, which again rrturn '>■ two principal 
branch lines, uniting in a return 7-inch main in the tunnel. We mar, 
however, Estimate the consumption of head for the principal mains in 
the tunnel. 

Assuming thai 1 square (mil of radiating surface cools 10 pounds of 

wane 20' per hour, the whole surface, 6, I square Feet, will mo) 

80,000] nds 40° each hour, and 80,000 pounds will In- the required 

flow through the principal main, equivalent to a circulation of all the 
water in the apparatus, 60,000 pounds, once even- two noma. This 
requires a velocity in the 7-inch main of about 30 feet i»-i minute ; and 
with this velocity the head consumed by 340 feet of 7-iucli pipe equals 
.4") inches; leaving 1.55 inches to maintain the circulation in the branch 
mains beyond the tunnel. 

Plate No. 4-t is a perspective view through om- side of corridor ol 
the men's prison, showing the four tiers of cells and the large gloss 
ami wall exposures « hieli are taken care of by I he heating surface*. This 
view also shows the 4-inch supplj line ami the two branches a 
the eight radiators ('>."> feet each), which, with the 200 ft 
supply and return lines, give us only about 700 square feet of direct 
heating surfaces, the contents of this part of the room being 100,000 
cubic feet.* 

As this amount of heating surface is only about 1 to 140, we turn qoq> 
sider the rest of the heal as coming from the indirect radiators (under 
the guardroom) ; but, even with this addition (table No. 17), it only brings 
up the proportion to one foot nf water radiator to eighty cubic feet <•/ 
space, wanned and ventilated. 

In tins view may also lie seen the warm-air supply from (be fun 
at A. Tlie discharge lines from the cells are seen at left of plate No. 
44. For number and area of these, see table No. 1(1. page 489. 



* This indirect beat cl 



shown on the plate i* looted Iwucatu Uir Knartlrooui (60 r«l 
t vi' ii ti lull on i« delivered into the cell block l»y fan. (See Com- 
iwlLj; .it lull, imyr ;.3, «.il. :. chapter i>D Veiitltiillvn.) 
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PLATE No. 44. 

Hampden (ountj .l.iil anil House of Correction, Springfield, Mil-., 1887. 

Itodialors aud Piping for Water Circulation Mills' Sjsteui), 
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ACTUAL CONDITIONS HAMPTON COUNTY JAIL JAN. 19. 1887. 

Outside, 7 a. m.,6° below zero; I- m.. sero; -"> p. m.. I" 

Temperature of the flow. 285°; of the return, ISO , 

Mean temperature of the water, 1!>2 3 . Pressure, SO pounds. 

Temperature <>( tlie main supply al die workshop 

Temperature of the guardroom, TO*. 

Temperature of the men's prison, 68° : of the women's prison, 87 '■ 

Pot all the other days of January Bee tin- following table, which 
includes the fuel for all the usee of the institution. 

Of the whole space warmed, 74*.7:i-'i cubic feet, not quite one thin], 
or 200,000 cubic feet, was served witli steam heat from the same boiler- 
room. This, because it was necessary to have one steam boiler for the 
cooking and laundry, baths, and water hearing; and it whs deemed 
desirable to place the sheriffs dwelling and guardroom on the tame 
steam system. Those spin's ^ave ihsmth in tattle, upper right-hand 
section) -.'•*»> as the corresponding heating surface on the 
tem. and 8,324 nil the water system. 

Following down, we note the fuel thai each system required each 
day, and we see that the cost of fuel was nearly as much for 
as for water heat, and that for certain days, as the 16th, the 286% the 
28th, and lite 29th, the fuel was the Bsnte, s>> that finally we Mad 
(table lower left-hand section): 

Coat of warminy 1,000 cubic feet of apace at rauai diatana - 
urea: Steam, 8.7 cent*; water, 2.4 cent*, »r '-'.4 /■■-,- cent let* for tit* wattf 
than for the tteam Heat. Now, if we credit the steam for Idle t&undn 
and baths, etc., sa^ 20 per cent of the whole. — ue ikail atffl tin-l ili.-i 
the tenter !<•«> tea* 20 per etni cheaper than the iteam. 

That this is near the fact, is proved by examination of Bunilar condi- 
tions and results found at the Pierce Building for the month of Decem- 
ber. 1HK8, where we read ( table No. 18, lower section, page 441"): 

Steam system, 169,864 cubic feet; water, 374,000. Cost for warm- 
ing 1.000 cubic feet of space 24 hours: Steam, 2.37 cents; water, 1.9 
cents, or 20 j>er cent less. The disparity in the total cost of beat in the 
two locations is due — first, to the great distances of the beat from 
where it is used; second, to the fact that the Springfield plant is partly 
indirect, to furnish ventilation created by fans, — and parti] to the 
economy eecitred <>t the Pierce Bttililin;/ !>>/ absorbing the fxhautt utram 
from the e/rvntur /mitifm <iii<i >iifnmmi 'n't- lh<: irtih-r rirettltttion. This 
was referred to in another place (page 485 and 4AH). 

The following letter of the Commissioner furnishes much other and 
relating data, both us to the operation of ibis plan and comparison of 
steam and water apparatus. 






The Wakmisg and Ven 



n of Bl'ILDI.ngs. 






IMS 






f *Vi* 

III 
si 

Hi! 

hi 



s*««,aj!* , ft» , *wi.-3Baj* i 



:! s : ^ R ; ; ! r zS 



=£ E ?r 






~s j^s: iJs : i^-a^ 



5 5 

II 

IS 

? ?\ 
B'sl 
Is ai 



tt ^vi U» '^* ~J <0 *£■ ' j- □ 99* - 






£■*§£ =££!£! £ SK^S^ .Si- 



ft US SS *& $ 'ft'S £ t ■&<& St£ fe- fe'S J; 



IHH' 

:?'fl ! 



Mill§!^irltli§ff 



I B^'^ifis 5 1 SS -B g'S - 8 i 



~i O* C> p. 30 ^ pu^» C>^l C&G -'O DOKvO 



fcls«8f&8H8&68«if?i 









J^fp-^o 



S §ll|||4 



« • 



sill 



ii. 






£ F'f : 






.» i' 



f« 



si ii 

I ' '3 « 
f «"! 

5 e ft W 
t * O 

M • 9 






8 I 



=4 



V 



f 



Heat: If ) 



KD Application. 



±a 



OFFICE OF 

COMMISSIONERS OF HAMPDEN COUNTY, 

SPBnom !i'. Ihm 
To W11011 It Mat Cohckrs: — 

The undersigned, having in charge the construction and equipment of a new Jail 
and House of Correction for this county, fouml — as other boards of construction 
have, and will continue to find — that the wanning tind ventilation of such buildings 
was a problem of no small magnitude. 

The board in office in 18S7 liad for sunn; years the care of the old Jail structures on 
Main Street, and the then quite recently erected building on the Square for county 
anil court uses. 

In both than buildings, steam was the moans of warming, {thinned and put Eats 
them on construction. The arrangements at the Jail buildings, besides warming, 
required steam for cooking, laundry, and di y-room purposes. 

The plant of the aid Jail Consisted at first of one, and later of a second. wrought- 
iiini tubular boiler; these were nui on the high- pressure principle, to serve the 
kitchen and laundry uses. Steam for heating the several buildings *u '" reduced" 
in pressure, and supplied to coils in the usual way — the water of oandaBi I 
returned to a hot writ, and pumped back into the boiler to supply the « I 

The arrangements, when new and tinder the c ire of an educated etigincii . lid vurv 
well, although they kept somebody on the constant watch and work, to get the 
several uses and demands for steam and bent properly administered. Later, when 
the boiler and pipes, pump, traps, and coils had become worn by use and friction, it 
became the almost constant care of an officer to keep this caprici on* and dangrrou* 
element iiji to Hi required dntien. To do ililt many ehanae* and niurh espensrfor rejelrl 
>r.-,r :l r., i-!„ i,,,urred; betide* there win the ener-pre*ent dan-jer of oeer-prexmre and 

The arrangements for warming at the new Court House, a structure of stone three 
stories high, and containing over four hundrtd thoimand cubic feet of KfHice, was 
that known as the low-pressure system, with return of the condensation to the 
boilers, which were of wrought iron and located in the basement. The radiators 
for supplying the main part of the heat were also placed in the basement and supplied 
with air from without the building. 

This was a modern and presumably perfect steam heating and ventilating plant, 
erected by persons skilled in such construction, at a coBt of over elO.OIJO. 

A short use of the apparatus, however, proved that there was much to be desired 
and supplied before the wants of the different occupants of the building could bo met. 

It was soon discovered that the boilers were too small, were improperly set, and 
poorly connected to the radiators; that the draught could not be relied upon, owing to 
defective chimney arrangements; and that tin illy the ventilation, while much talked 
about, kMI a total failure. 

This state of things wast endured several years, with constant changes, bringing 
bills for repairs all to no practical purpose, until finally the judges of the Superior 
and Supreme Court rooms fairly revolted, and struck for proper heat and raatUatfott. 

In this state of the ease, the hoard availed themsclvcH of the services c.f ■ ■ ■,-,,■.. 
struct ing and ventilating engineer. John IT. Mills (then of Buffalo), who, after a 
careful survey of the premises, made plans for the ren instruction. 

These included new anil larger boilers, a rearranging of the indirect hi 
system of mechanical ventilation, altogether costing about 94.iM.Ml. These plans were 
approved by (he board, and the work promptly executed by Mr. Mills in 
which time there Inn been no detieiencu in citArr heat e.r ventilation; but 
been a decided reduction in the fuel bit!*, and an entire abolition of rrpente* for 
re-pair*. Note. — This reduction in cost of fuel amounts to $■>*) per year. 




The striking m.d i-alaald.- feature "/thin improevutenl is the system of mechanical 
rentllation by an i-.rlimi«t vhil placed in Hie attic, and operated by a small mater motor 
in the basement, the distanee Mieeea the two machines being orer 150 /ret. 

The ran, or exhausting machine, tin- invention of Mr. Mills, acts not only upon the 
principle of the exhaust common Be some other fans, but nym ft dUMWtt ftppH wU iOM 
of this principle from any other lh:it lias been brought to out notice; iu the briefest 
phrase, a large diameter ami blade area 0/ wheel, tchich, Willi a 'low motion, removes a 
very large volume of air and at a small expenditure of power, and, being run by mater 
power, man be and is used in summer as well as in winter. 

As to the cost of the water found by the bills, we think it is below (10 per month, 
with a wntcr pressure of 100 pounds, (he spnec lifted upon being, as stated elsewhere, 
tome 400,000 cubic feet* 

The abort and other personal experiences with steam heat and oar former method of 
ventilation prepared t/a' (.'mtimixeianer* '■> runniili'r int-Mbf-nlly the more extensile and 
iliffirult problem* prwnt'd in the hcic Jail '••lilding, on York street. 

These, as seen by the table prepared by our engineer, which we consider correct, 
with the other views and section of the heating apparatus, consist of a number of 
building* constructed around a square 123 x ISO feet ; the boiler-house and fuel 
storage being on one of the four sides, and practically on a level with the other build- 
ings to be warmed. 

Here, then, at the start, it was not found practicable t<> employ steam for warming 
in the usual manner, or with a return of the water of condensation to the boiler- 
room — to say nothing of getting it properly supplied to the several isolated build- 
ings, or under control when it .should once be thore. 

There was also the always difficult matter of air supply to the three or four 
hundred occupants, of a class from which nothing was to tie expected in the way of 
intelligent use of any means provided. 

With these various and different problems to meet, the board again invited 
Mr. Mills to consider their case and the various demands of such an extensive insti- 
tution, consisting uf hint, it natation, laundry , mid cooking apparatus. 

But a short examination convinced him that a radical departure from common and 
existing methods of heat supply was here called for. With the former experiences 
of the board, they were in a situation to entertain and approve a plan of water heat- 
ing, coupled with other and novel details of warming and veutUatku, 

This was in effect a circulation in the boiler pipes ami radiators of water instead of 
Steam, Mechanical ventilation, and mi'hanUul feeding of the fuel to the heating boiler, 
a fine or slack kind of soft coal being used. 

The plans of boiler, piping, and circulation were perfected and offered to competi- 
tive bidding, only to be pronounced impracticable by both steam and water heating 
firms; many engineers declaring that a water circulation, as planned, was not 
possible to accomplish. 

Still the board had coniideuce in their engineer, and the work was awarded to 
Mr. Mills for the sum of fcltS.OOO, which they considered low for the amount of labor 
and materials involved. 

The work wag promptly executed hy the contractor, and the question of circula- 
tion and efficiency soon settled, although tierhaps with the smallest amount of heating 
and radiating surfaces ever furnished to buildings of such extreme exposure, and 
with so large a pure-air supply. 

The apparatus was put to test for the whole month of January, [SSI, and for 
tfie past two winters with the iuwt i- ,, See table uf space and 
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Tli' heat lull b"-n MM(gi| gsul tati*faelory in the eotdeit weatlirr, affording at all 
liliir* rt mij^eirncy, without any oc-rh, /i) In ttl mfJtfST dSJM <jf 1M HUM <""f *]ir!np. 
T/jC /"('<( rtrri'ifio'' </ f< »■/■■ rutiire intiile -ill thr liuililingt hit* Ml MMtMd I '■-■■ 

In the workshop from one hundred and seventy-live In two hundred men are 
employed, M> tluit iic'i c the demand fur heat and ventilation nTiunrti that of any other 
building. It wit met in the following arrangements, which included heat and nuU 
Ution for the chape! :•— 

The heating rarfMM are aliout equally divided, one half being "direct" radiators, 
on the floors and under the windows; the oilier half lieing thirty Gold's pin 
'" indirect " radiators, placed in a single chandler at the ceiling, and supplied with a 
large volume of air from without Ho' building. Ik-low the Moor was placed a six- 
foot Mills fan, exhausting the air from the floor level, and discharging inn. the 
basement, thus changing and Wi w l w (M air in both Ine'tlitirx. The. fail | 
by water from the hydrant, which is tlicn discharged into the jet pipe wbicb mrnti 
the urinals, so that no extra water or ee*4 •' iitcnrr<d/-r Mb (MJtfrtll duty. The fan 
is run in warm as well a* cold wcathev, ami if properly attended to is the solution of 
the difficult problem of ventilation. 

This control of the heat is one of the especial virtues of this a nan gem en I, and is 
accomplished entirely at the boiler-room, and on the whole circulation, a cai d of 
heat and temperatures being furnished. The fireman is instructed and carries his 
water : for instance, if the outside weather is at freezing, he will flow bis water at 
the boiling point, or 212°; if at zero, be Hows it at tiSP, and ho the medium is always 
at the right temperature to meet the outside demand. Thus there is no call for 
opening or closing valves, and we do not think that any other government is required 
or employed by the officers in charge. 

Of the general results wo can speak in the highest terms: the whole water plant is 
■implicity itself, and is run much of the time by inmates of the institution There 
being no steam pressure to carry or water line to watch, the whole matter at hMl is 
in this large institution resolved into a simple matter of firing and coal supply. 

While two boilers or 00 horse-power were provided, only one has been used at any 
time except for testing and by the contractor, while the total repairs have been a 
small matter of grate bars, mostly for the steam or cooking boiler. 

Of the ventilation, too much cannot be said. We have examined many examples of 
so-called ventilation, hut found nothing to compare with Uih apparatus in the way 
of volume or purity of the air in all the buildings. It has also been critically 
examined by the State Board of Public Institutions and pronounced in every way 
satisfactory. 

Of this interesting part of the apparatus, we may say that the lungs of this breath- 
ing apparatus aro situated in one large chamber under the front entrance, in which 
is nearly 2,000 feet of pin radiators; the cold ah* is admitted on top ■■> thr stools, , N ..i 
in aVaten d<rien through the heating surfaces by the double fans located on each 
side of the chamber ; by this means air of any temperature and volume can be sup. 
plied to all the rooms; In fact, the fans aro generally run nights in warm weather, as 
well as days in cold weather. 

Much more might be said in approval of this invention in warming and ventilation; 
but we have already exceeded the limit of what we proposed to say, and will only add 
that the work and results have been inspected by visitors from oilier ports of 
the country, always with the same unqualified approval, while several other plan* of 
warming and ventilation in Boston and elsewhere have been modeled from this 
apparatus. 

Leuxabd Clab«, \ Coimnltioner, 
I,. W. Root, C. E. J •>/ 

A. F. WiLliER, ) Hampden County. 
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The Warming and Ventilation of Buildings, 

ChbBOHJES. — Without intending to go at any length into church 
heating and the distinctive cIivsh of apparatus where ventilation must 
take precedence, we may briefly refer to one or two examples and con- 
tracts of the miter, — Trinity Church, Copley Sq., Boston, Mass., Rev. 
Phillips Hrooks, rector. 

This, we hardly need to say, is the largest and finest Episcopal 
church in the United States and perhaps in the world. The auditorium 
is 100 feet high from the floor to the roof of dome, contains over ;>"<),- 
000 cubic feet of space, and can seat from 1,500 to 2,000 persons. The 
dupe) adjoining is a fair-sized church in itself, used for Lecture* and 
Sunday-school purposes. 

The heating and ventilation of lioth sti ■iicturcs wcri' originally 
attempted by the use of hot-air furnaces. — a gravity supply and removal 
of the air for purposes of ventilation. The arrangement was, however, 
different from that usually followed in furnace beating, the whole 
basement being taken and converted into a hot-air chaml)er, numerous 
registers being cut in the floor, for delivering the heated air to tin- 
spaces above. While the theory of this simple arrangement was appar- 
ently good, the use and results were anything but satisfactory. Although 
four DMnuter wrought-iron furnaces were built something like eight feet 
long by five feet wide, giving a heating surface of over three hundred 
square feet each, they were utterly inadequate to the requirements of 
heating and ventilation, but ample to destroy the building by fire — 
which they came very near accomplishing. 

The present apparatus, constructed by the writer, u a hut-water 
circulation in boiler pipes and radiators, with a liberal pure-air supply 
from without the building. This is controlled by a fan in the basement, 
driven by a jet of water from the hydrant pipe. 

The plant consists mainly of two vertical sectional boilers, with a tire 
surface of eight hundred m/uare feet ami tiernt;/ «</ ucrt fret nf grate. The 
heating surfaces (radiators) amount to 5,400 square feet, of which 8,000 
square feet are located in six chambers in the basement, and supplied 
with air from without the building ; a further supply of heat and air for 
ventilation is by the fan, which is arranged to deliver either warm or 
cold air, as desired. This apparatus was used the winters of 1887-1888, 
and has given unqualified satisfaction to the very critical class who own 
and occupy the pews. 

As a further reference to church heating by water apparatus, we may 
say that the committee of the Eliot Congregational Church at Newton 
Centre adopted " duplicate of t his apparatus after careful inspection, 
it was put in and operated last winter while the edifice was being com- 
pleted, and gave proof of its power* lso of the economy 
of a water over a »team apparatus , 
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i Application. 



SCHOOLHOUSES.* 
Iii diagram No. 23, for the month of February. 1886, we note 
greut the variations of outside temperature may be (from 6° bslow 
58° above zero), while not much variation of the inside heat line 
noticed; the drops to 65" on the 7th. 14t)i. 21 *t. and 27th were for Sat- 
urday and Sunday, when the fireg were banked. 

The 4,000 feet of radiator divided by the 200,000 cubic feet of space 
in the building hi 1 to 50 ; hut a ventilating fan is used, and the air in 
all the rooms is regularly changed. We shall later present a table ehow- 
ing how much heat is contained in and carried away by the air, as this 
is a point not to be overlooked. Ventilation is essential and imperative 
in public buildings: but. like all other good things, it does cost money. 
The heating and ventilation are accomplished by two distinct systems; 
a circulation of steam being used from one boiler to supply die Blind 
radiators, while B circulation of water is obtained from the other boiler 
for supplying the indirect radiators, which also furnish the air for 
purposes of ventilation. 

The indirect radiators are located in four brick chambers in the base- 
ment, and are divided into three stacks to each chamber, so that the 
amount of surface used is uuder the control of the janitor. Each brick 
chamber serves three schoolrooms located vertically overhead, the warm- 
air tin pipes passing up the inside partitions to the several RKHnS, the 
warm air entering about seven feet from the floor. Each beat eliamber 
lias a cold-air supply 24 inches in diameter. 452 Inches, laid below Uu 
cellar floor. The total pure-air inlet i* tftii* tireh't IftUWS feet. 

The employment of hot-water service in the indirect radiators, whicb 
supply the warm air to the rooms, does not allow the temperature (g 
fall as low nights as when steam alone is the heating agent. Thii 
arrangement also admits of a Hot-water service m tke ri w fa. 
great convenience in a school building. 

The constant movement of the air from all the rooms is effected Itj 
the rotary movement of a fan placed in the attic, to which all the vent 
flues are conducted. 

The fan is moved by a small water motor in the basement, the hydrant 
pressure being from 15 to 18 pounds. The fan wheel, revolting " (l 
times per minute, discharges 8,000 cubic feet of air per minute, ami 
changes the air of the rooms and closets four times an hour, affording 
over 1,000 cubic feet of pure air per hour for each pupil, 

School No. 13, also in Buffalo, is warmed and ventilated by this same 
system. See report of this building in the following section on venti- 
lation; also drawings of the fan used. 
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Heat: Its Science, PaODDCTtOM, and Application-. 



Passing to the consideration of the work to be obtained from a 
closed apparatus, circulating water in the place of steam an.! in the 
Bane sized boilar, pipes, and radiators, the author lias collected mm.Ii 
data bom plants in actual operation, and thus what he lias to offer may 
stand far tacts m the place of theories. 

Tin.' most complete of these records are those taken at Grand Rapids, 
Mich., at Buffalo, N. Y., at Springfield, Mass., and at Boston, Trfani. 
witli some records for private houses iii various States. 

'I'lie first systematic experiments on water were begun in 1881 (page 
473); others have followed, and have continued up to and including 
the winter of 1889. It was seen that great care must be exercised is 
obtaining data; and to this end a set of printed blanks were employed. 
on which, at a stated hour and place, were entered the tampan 
side and inside the buildings, the temperature of the flowing water 
(supply and return), also the fuel, and much other data rehiring t<> 
the direction and force of the wind, etc. 

The main and fullest record for housework was that taken at No. 
26 Niagara Square, Buffalo, N. Y. This large dwelling was leased for 
three years, and occupied as a residence, with the object of having a 
place perfectly under control and observation, so that all contemporane- 
ous data could be secured, and it was there many of the writer's most 
valuable experiments mm carried out. 

In diagram No. 25 and in the accompanying table and diagram are 
collected all the items of daily operation and condition for a midwinter 
month. It should be noticed that this was a dwelling standing on a 
corner lot, one hundred and nineteen feet on Delaware Avenue, and 
forty feet front, two stories high ; forty feet of the rear on Delaware 
Avenue being workshop and office. 

In the plans the red dotted lines near the walls show the Aral 
indirect heat, chamber* below the floor, also "direct" radiators on the tirst 
floor; the red arrows indicate where the heat registers were located, .mil 
the black arrows the chimney flues used for ventilation. 

In the following card (No. 18) the temperatures ranged from 1 :.!."." m 
240°. The pressures during these changes varied considerably, that dtH 
to the height of the water on the second floor Wing 10 pounds. The 
increase noted was substantially that of table No. 15 (preceding chap- 
ter), where for 240° we read 35 pounds, an increase- of 11 pounds for a 
rise <;f'30° in temperatures. 

There have been many other dwellings warmed, in Buffalo by sub- 
stantially the same apparatus and arrangements, with good results. 
The dwelling of General Graves, on the Park road, contained over 
100,000 cubic feet. The barn, at a distance, wag also warmed and venti- 
lated by the same water circulation. 
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It is easily seen tliat ttiis was more than a common dwelling, ev 
Die larger class, and with Urge wo/1 and giaee exposure ; ahw that the 
heal was mainly from "indirect" radiators, with an outside supply of 

colli nil'. V.r-i-ij room i>i the &9ttM WOI KM? (M " ■-'■' 

A./,/ h/i to /A.' h 1,1 /i.ritt >•>-*■ >ln-rii hi //,.' Ji,i ; tr,:,n. 

Dudes all these adverse oonditaoiis with "indirect" twliaton and 
liberal cold-air supply, the proportion of radiating surfaces, to space 
wanned la seen to be I to 60, and that this heat was furnished from 8 
centrally arranged beating chambers, with a half-dosen direct ra-namnj 
at (he remote points, 

I Hagnim N". 25, preceding jwige., is tlie record of the inside and out 
side temperatures taken three times each day, by putting a pencil mark 
on tlie point indicated by thermometer. 

Table No. 18, page 466, shown every time that the furnace was coaled 
(F = 50 pounds of fuel), and the water temperature (flow) at the 
time. Thus, January first, hour T a. it; first con! 60 pounds ;■ t« 
jiemtiire of the water 180°; all this in the same square opposite 
boar 1 a. M. in the margin. The diagram of temperatures now Ew 
sain.' date and hour, outside the bouse, gives just under 25° fur the <1 
inside, 70" to 74°, ami so on for each successive day. Our lowest oi 
side temperature is on the 26th at 11° below zero, at which time ire 
tlie inside temperature making the highest mark of the winter. 

Tn ruing to the fuel '■«/-./, No. IS. mid under that date, We 
fire was coaled 5 times (in 24 hours'), total 500 pounds, and that 
water nii/i/ili/iii;/ th<- hi-at wa» frmu 201)° to 280°, average steal S00°j 
other day ami results may 1«* traced in the same way. 

Where the cost of fuel is greater, the expense would be a little mm 
but we must, remember that this was an extreme txpoettre, m 
indirect /"■■it with large mttide air "</'/>l</. 

On this basis we conclude that the average dwelling, with not 
than one half of the heating surface indirect^ should be warmed J I 
for 1 cent per 1,000 cubic feet, with fuel at *3 per ton. That is t 
rooms of 4,000 cubic feet, 24 hours, 4 cents in a good house, under 
average difference of temperature staled. 

That this is not often done, may be conceded ; but it shun ■ what 
he realized with a large apparatus properly proportioned. In this 
all the "law and the gotpel" at domestic heating. 

We cannot go into the other diagrams as much at length, except 
note that we can secure substantially the same condition 
dwellings managed by the proprietor. ( Diagram No. 2fi.) 

Diagram No. 27 shows a record of lower temperatures, the m 
desiring as much heat; ami, as he was away at bis store el] 
boiler was well closed down. We may also note the effect nf 
ment by hand. 
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PIPE LINES. RADIATOR CONNECTIONS. AND MISCELLANEOUS. 

M \ considering tbe question of pipes tat conveying heat in a liquid 
J^ instead of a gaseous form, we. do not propose to go into the matter 
much :it length, since it has been considerably treated in tbe pre 
ceding chapter on methods and causes of water circulations. 

That any detail of pipe construction is largely if not wholly depend- 
ent on the theory or system far the whole apparatus, is apparent) and 
therefore we must observe what theory has bees woven into data pre- 
sented a* insuring certain results! with either pipes or radiators. 

If it has been predicted for any reason that a water apparatus shall 
operate only under few pre*$ure, low temptratwrn, and stow circulation, 
then obviously the date found to apply to Buch conditions must be used 
in determining the size of pipe, anil the amount of heating surface 
required to produce s given result. This data may be found in most 
books that have treated the open-tank and mild-water circulations of 
the pasl and present day. 

The calculations will be found to relate mainly to tbe Hydraulic flow 
andfrietion of mttrr. generally under no head or pressure hut that due to 
the weight of the water, and with small difference*) of temperature 
betveea the Bow and the return pipes; most cases Ifi° to -<)°, affording 

a bead uol exceeding inch of water as the total motive power of the 

Circulation. While sueh small powers are sufficient in pniduee a circu- 
lation in large pipes carefully graded t" carry a limited amount of 
heating surface, they will nut avail in overcome any unusual friction or 
Ins.- of power ill pipe or Imilet. 

On die other hand, if il is concerted that the Ixiiler. pipe, and 
radiators may operate under any moderate pressures, the water having 
the same temperatures as steam, then we may c ;lude, without any- 
great amount of figuring, that the size* of the pipe that will convey the 
same amount of heat with steam ivill convey as much 
with a liquid circulation ><i the 

This we have found in he disposes of the 

great drawlmck, - the in ■ -ased cost of a 

wider apparatus over n Btea 
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We have shown in plate 41, page 432, what we consider the best all- 
around system of piping* for any building, even where there are " indirect" 
radiators located in the basement. The proper supply for them is one of 
these overhead return lines, as shown in figure 9; since it is plain that, 
under the most favorable circumstances, the ordinary supply line to a 
radiator parts with letts than ten per cent of it* total heating capacity in 
any one circulation* the rest of the heat contained in the water (minus 
what is lost by radiation) is returned to the boiler. 

Therefore an overhead return line is in a fit condition to become a 
supply to almost any stack of u indirect " radiators located in the base- 
ment ; where, if parting with say 20 per cent more of the heat con- 
tained, it will then onlv have done a fair dutv, and reach the lx>iler 
minus 30 instead of 10 per cent of its heat-carrying capacity. Of 
course having once seen that the proper place to connect "direct" radi- 
ators is the return lines, we need not hesitate to supply the "indirect" 
in the same way, and obtain like valuable results. 

Speaking of "indirect" and even "direct" radiators on the first floor 
of buildings, we remark that they are always slow to circulate, and that 
larger pipes are required. This, of course, is localise of the small height 
relatively alx>ve the l>oiler, and thus the little power to overcome 
friction and move the water. 

A remedy for all this uncertainty will l>e found (as in steam circula- 
tion) by applying the single-supply and one-pipe system horizontally: 
that is, by carrying a single line through the centre of a basement to 
the remotest point Ik? fore hranchin", then dividing it bv a T-littiner and 
long-turn elbows, and carrying two lines around on the outside of the 
building, and supplying all the radiators and risers, if desired, from 
what is then the return line. 

I am not prepared to say that we could take the return water from 
extensive and numerous radiators as a common supply, as in our verti- 
cal system (Plate 41), but we could to a great extent; since, the cooler 
the return water finally becomes, the faster it will travel and return to 
the l>oiler.* 

The diagram (No. 22, page No. 437) of the actual temperatures of the 
main flow and return lines (IMcrce liuilding) is another proof of satis 
factory work in both the radiators and the lines of supply. The sum- 
mary presented of the demand for heat for the several floors, both on 
the steam and the water system, shows the proportion that each sur- 
face must supply. (See page 440.) 

There are other tpiestions that might be considered, but many of 
them will be found treated in the tables and diagrams accompanying 
this section. 

• I think Mr. Baker, of the firm of Baker & Smith, New York, invented and patented a supply 
i IK from, and return to, a horizontal pipe many years ago. 
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Continuing our review and references to the overhead or vertical 
method of water pining, we may udd a few words on conditions not 
elsewhere treated. 

Wi' have considered in Chapter XXII. the effect of closing the 
domeatfe water apparatus, and placing it under the aarne conditions as 

tin? low-pressure steam apparatus) but we have said little ahmit practical 
applications of tiiis kind of piping to dwelling*. This is mainly heeause, 
as far as the contractor is concerned, lie will have to decide upon them 
for himself. Tt should he seen, however, that, where "direct " radiators 
are to be used in the rooms, the pipes not being concealed, that it makes 
neater and simpler work to use hut one jape instead of two, sinre this 
single pipe may he run almost anywhere (even through closets), and 
small connections made from it to the radiator. 

One-half inch supply and return connections to radiators are all that 
are required; if there are but two floors, and radiators to supply, one 
and a quarter inch lines are ample, and such lines are then ready to 
serve a radiator or stack of radiators in the basement; and we may note 
that here is the condition to secure a good circulation through a radiator 
on the same level, or even below the boiler, if it should bo desired; in 
other words, it is almost impossible to stop a circulation connected in 
this way. 

Of the sizes of these vertical supply lines to carry heating surfaces, 
we may say that at the Pierce Building the vertical lines are for the 
.«/.,- ttortM '«'" inches, the average size of radiators (six teen-section 
Union) being seventy-two square feet, while several of them are larger 
(see table, page 441); thus we have over four hundred square feet of 
surface to a sin : /le rupplg line, which is also the return. The connections 
fur these radiators are one-inch pipe; but to get the proper centre an 
eccentric bushing was employed, reducing the openings to wic Im!f mi 
in,-!,, without iii any way reducing the efficiency of the radiators. 

As showing that this overhead and vertiad system of water-piping is 
hnorahly regarded by practical heating men, we may refer to several 
parties who have tried it in both large and small buildings. 

Mr. Wm. H. Allan, an intelligent and progressive architect, in St. 
Catharines, Out., was one of the first to make a practical trial of the 
system. (See his letter in the section on ventilation.) The new and 
old college buildings at Worcester, have just been piped from these 
plans ; also a block of buildings on Mount Vernon Street, Boston. 

The Middlesex Machine and Heating Company, of Lowell, have also 
adopted the system for a large school building al Audover, Mass. It 
will also be put into the new Hh 'I Bchool buildings at 

rVestfield, Mass.; A. A. Sanaa tuningham, Mass. ; it 

is also in use at the City I hi ' of M. M. 11. Co. 
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DIAGRAM No. 27." 

System of Water Piping for Large Public buildings. 
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In these two diagrams are shown two applications of the low tem- 
jperatU M and cpen-tank water system of piping, both for direct and 
indirect radiation. The first, page 464, ia a limited sketch of the 
"boiler, pipes, and radiators, as arranged for the largest class of govern- 
ment buildings. The plans are by Bartlett & Hayward, Baltimore, and 
are similar to other large public buildings heated by them. 

They are referred to, as showing the general arrangement and magni- 
tude of the pipes and fittings found necessary in this class of water 
heating, and where the data of " hydraulic flow and friction " of water 
in pipes will lead the engineer who adopts them. It will be seen that 
the main flow pipe at the boiler is 16 inches, both supply and return, 
reducing to 14, 12, and 9, 6, 5, and 4 inches diameter, as the several 
amounts of heating surface are supplied. We may also refer to some 
other extensive and late water apparatus by the same firm. At the 
Johns Hopkins Hospital liuildings, Haiti more, the main flow and return 
pipe are 24 inches diameter, reducing as before stated. At the Boston 
Court House, now in course of erection, the main flow and return pipe 
are 30 inches in diamettr, flanges 38 inches, all 1}£ inches thick, and of 

Ke l>est quality of gray cast iron. 
To supply the water to this system of pipes, there are 12 horizontal 
bular boilers, 48 inches in diameter, 16 feet long, with 72 3j^-inch 
tubes in each. The total heating surface in coils and radiators is some- 
thing over 95,000 square feet, to provide for a cubical contents of about 
3,000,000 cubic feet of space, the proportion being about 1 to 33, or 
"what would be provided for a private dwelling, and for a low temper- 
ature circulation. 

For the comparative and approximate cost of such large work, we note 
that the new Court House (3,000,000 cubic feet) costs to heat $117,000, 
or $39 per 1,000 cubic feet of space warmed. The county buildings 
at Springfield (749,000 cubic feet) cost $16,000, including mechanical 
teitfilati»n, cooking, and laundry apparatut, or ¥22 per 1,1)00 cubic feet. 
The Pierce Building (555,000 cubic feet) cost #10,000, equal to $18 
>er 1,000 cubic feet of space. The Trinity Church and Chapel, double 
pparatus, and nearly all " indirect " radiation and with mechanical ventila- 
i (600,000 cubic feet), cost $15,500, or #26 for each 1,000 cubic feet. 
That there is a difference between these two systems of 50 per cent 
pipe areas and heating surfaces for a given and equal duty, may seem 
prising; but this certainly seems to be the case, as all the data and 

* here inserted go to show. 
This conclusion is corroborated by the conditions at the Pierce Build- 
ing, where we have proof that the inferences drawn are correct; and 
that even a greater demand may be met and more heat supplied to 
radiators by one pipe than by two or more, which start at the boiler 
£; and end at the radiator. 
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The following diagram (No. 28) is a sketch plan and elevatinn of 
piping for the supply of direct radiators on several floors. 

It ma not credited in the linihUn;] Itn-ord to any one in particular, 
but may lie said tit fairly represent the English and Continental 
methods of open ta n k water application, both for public work and for 
domestic heating. 

It is, us we said, the general and common plan of piping for direct 
rinli.uiiis, mid is seen to consist of separate circulations of supply and 
ratals tn the several floors, the return lines not being shown for want 
of room, though they may he stated to follow very closely the other 
lines; and thus for every line and branch, there is another line not 
drawn on the plans. 

The small figures on and near the vertical supply lines show the sizes 
of the pipes, and the amounts of the heating surface that each i> 
arranged to cany-; B. C. standing for box coil. \V. ('. for wall coil, H. 
for radiator; A. II. and C being the main flow pipes to basement, ioo m b^ 
ami third floors. 

This is doubtless a fair example of the open-tank, low-temprraturt. 
m>ttti/i!>--j>ipe *ygtem as discussed by Hood and others, and for which 
Mr. Baldwin has given such extensive anil valuable data. 

We should have been glad to have presented some of Mr. Baldwin's 
diagrams, illustrating the sizes of pipe whiclt lie figures out as proper 
and requisite to carry stated amounts of heating surface for this kind 
of apparatus with given losses of temperatures. But the publishers of 
his book, when applied to, were, as they said, doubtful about granting 
permission to copy matter from a new book ; so the liestwe could do was 
to 'transfer water lines for certain stated amounts of heating surface to 
diagram No. 29, page 469, already made for a similar purpose, and to 
which Mr. Baldwin's steam line (B) from his former book" had already 
been placed, ft falls, as seen, between the writer's hue (C) and that 
of Robert Briggs's (A). 

We do not claim that these water lines have been perfectly placed, 
as they would have lieen ill the original, but they will lie found near 
enough for useful comparison. 

In presenting these sketches of pipe and fitting, tised with an open- 
tank system, and the diagram of comparisons of piping. We do so. not 
as further criticisms upon the systems, or upon those who employ tl,<m. 
but as showing the main difference in the sizes, number, and seat ol 
the pipe required to convey a given amount of healing material. Yet 
of the matter of the general pij>e system and practice shown, we mav 
reniark that the compound or single circuit system is the result of 
much experiment, and, we may say, many failures to form reliable eir- 
culation from the single main or trunk line. 

•Steam Heating for Buildings. 
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EXPLANATION OF DIAGRAM NO. '. 

The different sites of mnMgU trim )>'!''■ <>/ standard ■ limrnMions, one to ten 
talWRal tlfim.trr, arc represented by the figures on the radial Hurt. 

The cnrrrs show the sizes of imiiii supply iintl return at tlie boiler (low-pi 
■team and inter} foi different amounts of radiating surface, reading from the margin 
to the circle nearest the currc. 

The length of the supply pipe from boiler to radiator varies in different apparatus, 
but it is of less impoit.on <■ in determlniDg the size of the pipes, compared with the 
•mount of radiating surface curried. Its average length in feet is taken 
diagram as one-tenth the n/utin-fi-rt <\l rudiatimj mirfitce. 

Line A is the theoretical si/.o required for (team, according to the data 
Robert Briggs' "Steam Heating" (pages fKH»l), where the resistance equal 
inches water column, the friction of bends and elbows, valves, etc., being considered 
equal to one half additional. Under these conditions the size of the internal diameter 
of the pipe in inches is represented by the diagram (outside line). 

Line It is, according to the rule for current practice given by W. J. Baldwin for 
low-pressure steam-supply mains (page 184, " BtMUD Heating for Buildings"): 

"The area of a one-inch pipe per one hundred sou are feet of radiating surface." 

Lint C is the sire of gleam or water supply and water return lines. IW trding 
practice of J. H. Mills. 

Line D { Steam), for the return of condensed water, is one-half the size of sup; 
(Hi. (current practice). 

Linn E, F, owl are the theoretical sizes of main horizontal pipes for * 
circulation, according to rules and data by "Thermal** in the !■'., 
Hnihhnz Record (August 18 and October 13, 1888). 

J.i a' i K mid fare the sizes of pipe required for direct radiator*. 

Line Q gives the *izes of pipe for fndireet surface. 

In the case of water circulation the sizes of the supply and return pipe are the 
same: by the length of the supply pipe is to lie understood one-hair the length of the 
circuit. 

Example* ofbuildimjs piped iwnrdinu lo Mills line C.for steam, are the Stat* Intone 
Asylum and iifie Police Building at Buffalo, Jf, Y. 

For iraler, the Hamilton Count;/ Jail at Springfield, Milan., the Pierce Building, and 
Trinity Church, Copley Square, Boston, ituf. See also page 46S. 
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Pierce Building, six stories: cubic feet, 875,000; radiation, 5,4."i2, or 1 to "0. &t* 
table No. 1(3 and diagram So. M, page fife 

Trinity Church, Copley square, Boston, Mas.-. Main building about 50u,unii cubic 
feet; radiation mostly indirect, with large cold-air supply; 5,000 square feet, or 1 foot 
of radiator to 100 feet of space. Size of main supply and return, « inches. 

Eliot Church, in Xewtoo, Mass., substantially the same data, including mechanical 
Tentilation. 

Example.. For 2,000 square feet of radiating surface. — Having first found the 
number 2,000 in the margin, wo follow the straight line leading Ergon tli.it poiBl 
to the centre, to where it meets the colored curve C, which, it will be seen, is drawn 
from the centre in an eccentric line. 

Just below the point where the straight line meets this curve is the :jjj-inch circle. 
which i* accordingly the nearest commercial sire of pipe demanded lor water or 
steam by the Mills system of closed-tank water apparatus or tote-pressure steam, teMA 
gravity return of the water of condensation. 

Similarly for the other curves, most of which are colored, representing other systems 
and conditions, the circle nearest the point where, the straight line rrpn*- gated i... 
required amount of radiating surface meets the currc, is the proper sifco of pipe ; if the 
diameter of the pipe is not on the line at that particular point, but by reading on 
the. same circle a few lines to the right or the left, it will be found. 
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DIAGRAM 29. 



Comparison oi" Piping Showing the Sizes of Steam and Witter Main Supply and 
Return Pipes, also Heating Surface at approximate distances from ltoller. 

From the Diu, Eipfrimenti, »cd Pntctlcs of 

Robert Bricgs, William J. Baldwin (Thermus), and John H. Mills. 
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The figures on the outxitlc circle show the square feet of healing surface which 
mxy bo carried by the indicated sines of pipes. 

Pointing oft one figure Rives, ttiii>f<jriiunlrly, thn •ii-lunr,' in i',.fi. Mie.se surfaces can 
In curried from the boiler. 

The small figures on the radial lines indicate the diameters of pipes required 
(or the amounts of heating snrtaee by the respective Engineer*. 
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TABLE No. 18*. 



HEAT EMITTED BY STEAM AND HOT WATER PIPES AT DIFFERENT 
TEMPERATURES AND DIFFERENTLY EXPOSED TO 

COOLING INFLUENCES. 

Tuos. Box. 



PIPES FREELY EXPOSED TO AIR AT 60 DEGREES AND WALLS AT 60 DEGREES. 
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Cubic Foot of Air lat the Temperature of the Room) Heated from the External 

Tomperaturos por hour, per foot run of Steam Pipes, Heated to 210° and 

Exposod to Air. &c, having the Temperature of the Heated Room. 
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Pressure, Temperature and Efficiency of Radiators. Water 
System, Single Lines. 

explanation of figure 23 and table 15. 

Figure No. B illustrates a portion of n aeries -if experiments made by the author in 
the winter of 1581. This was on a model apparatus constructed in the building of 
the Grand Rapids & Indiana Railroad, to ascertain facta relating to the working of 
water under the same condition of piping :u the steam system of the writer, patented 
1S74 and 1875. The building referred to was being fitted for a steam circulation of 
the same construction, ao that there were both apparatus and systems under heat at 
the aame time. Some very significant results were reached, and formed the basis of 
man; other water circulations in the same line. School No. 7 in the same city 
was treated in this way, and many more valuable facts and data secured. The final 
results are not shown here, but they are similar to those seen in diagram No. 33 for 
the new schoolhouse in Buffalo, 1880, where the writer operated in the years from 
1883 to 1887. 

This cut shows the method of piping and connection to radiators on the Mills 
overhead system for water and steam (illustrated on page 432), and in operation at 
the Pierce building, Copley Square. Huston, Mass. See frontispiece, also description 
of the piping in that building, pages 434, 435. See also water experiments, page 477. 

Referring to table No. 16, it will he seen that only records of the higher tempera- 
tures (200° to 300°) are noted, the others not being saved or considered important for 
this illustration. 

All the other conditions of temperatures are noted on the table from the time the 
water leaves the boiler, and are then taken, as seen, from the attic, where the expan- 
sion tank was located, dnwii through the third, second, and firat Jloors to basement, 
where the circulation re-enters the boiler. 

The radiator thus abstracted 15° in one passage of the water; the duty of such 
surface being (table No. II)) 200 units per square foot, or 30x200 = 8,000 units for the 
whole radiator; this-f- IE (number of degrees cooled) = 400 pounds of water passed 
through the radiator per hour, requiring a velocity of 400-^10.0 = 20 feet per minute 
in the 1-inch supply pipe, and nearly the same velocity in the 1 j-iuch riser above and 
below the radiator. Sec also cxpei imctits with valet radiators, page 477. 

As bearing ou the question of the pressures which would result in a closed 
apparatus with increased temperatures, we may examine the lower three lines, and 
conditions taken March 7 and 8, and covering the ejcrssfre ranges of 24(1* to 300°. 

First wo see that the head due to the height of the indicated columns was 24 
pounds, and that in passing from 212° to 241;'' we raised our pressure to So pounds, or 
an increase of 11 pounds only, and that in passing from 240° to 300° we raised the 
pressures only a corresponding amount, or increase of 4 pounds pressure for each 6° 
raised. Thus the additional pressure in the boiler above that due to head of water 
was the same nearly as the pressure of steam in the tank. Sec table No. 14. 

Ah a matter of fact, these are doubtless the extremes of the pressures likely to 
occur in a high temperature apparatus, since they are attained only when we heat 
the water from a temperature of 411° to the several higher points noted, and without 
allowing any of the compressed air to escape; but, as the water is in general raiaod 
from 40" to the working temperature but once in a season, we really have no suoh 
ranges of expansion to deal with, the whole range of variation being lens than one 
hundred degrees. See diagram No. 22. 
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Heat: Its Science, Production, and Application. 



WATER RADIATORS. 

While the supply of any heating surface ib more ar lesw connected 
with the |iliin of piping adopted, it relates more to the kiinl of tbe 
radiatora than to anything else. If the- radiating surfaces an lineaol 
pipe or horizontal sections, as in the Wbittier or Mills radiators, there 
is no choice as to where the water ran be admitted, since the cumulation 
is horizontal baokwarda and forwards through the lines or ban from Hba 
highest to the lowest; and the water must be admitted to the highest 
roil or bar tint In ardai to move at all. 

In vertical tube radiatora, now mora commonly employed, the oiroak> 
tion or movement of the heated fluid is ulso of necessity vertical ; thai is, 
from the highest to the- lowest point of the tubes. 

At whatever point the heated water is introduced to a vertical tabt 
radiator, it immediately takes the nearest and largest tube, and moves 
in that to the top, where, finding the horizontal eross connection nr 
manifold header, it heats this, Brat passing horizontally to the farthest 
and, displacing as much of the cold water, and putting the whole body 
of water in motion out of the radiator lioirnward. 

The top horizontal cross tube then becomes the supply to all other 
vertical tubes, be it one or one hundred, and they are all supplied 
timultaneattuli/ d-wiavir-i -it -i tui>/><rr*il // m-it r,i!.\ eX]*lling all the cold 
fluid, at once being replaced by the hotter current, establishing the 
only natural "ml pottible movement of the two bodies of water, DOB of 
which is many degrees hotter at first, and always maintaining 10° to 
16° difference between the inlet and outlet water. 

It should be seen that the velocity of such a circulation is dependent 
on the amount of cooling within the pipe or tubes of the radiator, The 
greater the cooling and the difference between the supply water and 
that of the radiator, the quicker the circulation, and, other things being 
equal, the greater the amount of heat dispensed. 

Some persons have supposed that the amount >>f water in circulation 
had much to do with the efficiency of Imth boilers and radiators. We do 
not share these opinions, only as far as the water is brought in direct 
contact either with the heating or cooling surfaces ; yet the amount of 
water in the boiler or piping would influence the question of finif, both 
in heating and cooling. 

As far as the radiators are concerned, there is but little difference in 
the amount of water held in the pipes of different const nut ions. This is 
seen in the sections of the Union, Triumph and Gurney radiators and in 
diagrams 17 {page 3315) and 18 (page 352). 1'robably wrought-iron 
pipes have the greatest internal area to outside surfaces, but it has not 
beeu found easy to work these wrought tubes into a vertical radiator for 
water. We have given one example in plate No. 25. See page 310. , 



The Warming and Ventilation of Buildings. 

Resuming our consideration nf the circulation of a heated current in 
radiators, we may plainly see that it makes no real difference, after the 
radiator is once in circulation, where the heated current is supplied, 
top, Ijottom, or side; the current will he established from the hii/hmt 
,,„,„! of ike vertical tubes to the lowest, the velocity being affected only 
by two things — die form and grouping of the tubes and the temperature 
of the air and surrounding walls. 

Still, if we can enter the top of a water radiator at once, it will save 
both pipe and fittings, also two right-angle valve turns in the current. 
When our supply comes from above, as it always should, we arrive at 
the top of the radiator first, and have nothing to do but enter; if for 
any reason we are below, and the radiator is tapped at the top, we may 
run past the end and enter as before ; but there is no real necessity for 
doing so, as the water will take the first upright tul>e to the top. 

In figure No. 23, actual conditions, we note that the inlet water was 
at 204° ; after passing the first bar of the radiator 200°, the second bar 
195°, the third bar 190°, and in the outlet pipe 189°, being a loss of 15° 
in the radiator (or 1% per cent). After reunion in the pipe, 19C°, lota 
■•uli/ 5 per '-viit. As there were 30 feet of surface in the 3 bars, there 
was surrendered one half a decree per foot for each circulation, or passage 
of the water through the radiator; and from this and other data we 
see that the circulation, the filling and emptying of the radiator, took 
place 7 to 9 times per hour, varying with the temperature of the room 
and that of the supply water. See page 473. 

We had in these experiments 30 feet of surface, cooling 400 pounds of 
water a less number of degrees; or 1 foot of surface cooled 12 pounds of 
water 17°, and thus 60 pounds of water passed 7 times through the 
radiator per hour, surrendering 200 units of heat, which is all that we 
can extract from a foot of radiating surface per hour for water at 200°, 
and air at 70". 

Comparing this with our other experiments with the Union radiator 
(page 477), we see it amounts to about the same tiling; i. e. a larger 
amount of water cooled a less number of degrees. 

Referring to the always important matter of piping and to the 
efficiency of a single line, it appears by the above and many other experi- 
ments that no amount of supply and return lines can increase the work 

the radiators by a single degree. The one pipe line (Figure No. 23 and 

late 41) will give the radiator the supply of water it wants, and take 

mi it all the water it can discharge after cooling, while BtiD keeping 

iniidiiinn to handle many more radiators on successively lower floors; 
liocfi B 1 'i-ineh line, feeding 30 square feet of surface, or a 2-inch line, 

>ding 60 feet of surface, surrenders only about 5 per cent of its 
lahl,: hot to any one radiator o/"40 to 50 square feet from a supply 
ipe of 200°. 7/' the pipe was 300°, the loss would be only 3 per cent. jfl 
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TESTING WATER RADIATORS, DIRECT AND INDIRECT. 

In a recent treatise en water heating ilSSlt), a writer proposal a method of u-sliu; 
radiatorswhich lias some advantages over cruder teat* sometimes employed wlurr* 
tin- temperature of tlie air is taken an mhl —Hilling the duly r>f the surface. 

This method as described OOMfati in tilling the radiator with water heated, and 
noting the fall of temper at lire in a limlU'd period of time while the surface i« 
cooling. In computing the heat surrendered it is necessary to ascertain the weights 
metal and that of the water in the radiator ; then Inking account of the spec ilk M 
of the iron and the fall of temperature of hoth the metal and the water, the value 
of the heat with which the radiator has parted during the interval is computed. 

While the above may lie in general sufficiently accurate, it is to lie noticed that the 
conditions arc nut precisely the same lietwew water .'Inn./i'ii;/ iu tlie radiator U> Owl 
and where it is flawing through, and is thus continuously agitated, as in cose* in 
practice where there is a water circulation in and out of the radiator. 

A simple method employed by the writer is shown by the following report of 
experiments with the I'nion radiator June, 1888. 

This requires no account to be taken of the wir/AC of the iron or it* rjitcifie hi«l; 
the conditions of the test are nearly the same as when the radiator is in use, the 
latter being set in position and the water aUwetd toflmr UfMipl if ; the test can lie 
continued any length of time without change of conditions or temperatures. 

In the experiments noted, the radiator was connected with a hot-water Hfptf 
tank near the boiler. Instead of the ordinary return pipe, a pet-cuck was iuscrteci *t 
the base of the radiator, and the water drawn off at a uniform rate and weighed eii 
scales, thus re p rod i icing the condition of tlie radiator when in actual use. It will I* 
readily seen that the weight of water Unwed, multiplied by the difference bctweea 
the temperature of the water entering the radiator and that flowing out, is the 
whole number of units of heat transmitted. 

In order to measure the temperatures, thermometers win placed in the pipe lead- 
ing into the radiator, and iu the short pipe connected with i lie discharge. 

In commencing the test the water was allowed to run until n uniform diflfeHMi 
of temperature was established. 

When the pet-cuck was set for a given rate of flow, the temperatures momIdmI 
constant throughout the test that was continued for an hour. 

In the first test, with a velocity of about 20 feet per minute in the 1-inch pipe 
(corresponding to a discharge "' V ■ > f n gallon per minute), the water was cooled ??; 
while iu the third test, where the velocity was 60 feet {discharge ■!% gallons p'i 
minute), or 3 times as great as iu the first test, the cooling was'j us great, or s"; 
the heat was nearly the same, the small excess in the latter case (200.5 over 20U units) 
being caused by the mean temperature of the water being 8.6" higher. 

Another point is shown by this method of testing; namely, the velocity of the Hon 
for a given fall of temperature; thus, having ascertained the amount of the cooling. 
15° say. by adjusting the pet-cock so that this difference of temperature is shown, 
we find the rate that the water is moved under conditions in practice. 

As is shown in table No. lit vj. for the case of pipes, the total heat given on t increMrt 
as the temperatures are raised, but tlie licit per decree difference lietween tie wuWr 
and air is more nearly uniform, and is used to determine the final result. 
Average Conditions and Results. 

If the mean temperature of the water is H<o° and the difference of the water ami tlie 
air is 112°, 10 pounds of water will pass per foot per hour, and the heat tbattttbd 
30 units, or 10 per cent (or 40 square feet of radiator; but the heat surren- 
dered by the supply pipe is only .". per cent at any one point. 



• Ventilation "k IiriLt>iv<;s. 



TABLE No. 19J*. 



Experiments made with a Union Water-Radiator, 



* (40j SOUAHE FEET OF SUttFAI 

mine the Circulation of Water in Radiators 

from the Supply Line at any point per sq. 

ENGINEERS, L. K. GREENE AND J. II 

The water was drawn off continuously and weighei 



and the Heat Abstracted 

t. of Radiator. 

MILLS. 



by thermometers ii 






tad e 



l pipe? 



1st — May 15, 1888. Duration of test, 1 hi 
Temperature of air of the roura . 

" " entering water 1 

" " exit water 

Difference in temperature entering ami exit water .... 

" " " air and water 180°— 80° 

Water ISO lbs.) passed through 41 times per hour— .... 
Velocity of water in pipe (feet per minute), 3tn.4-M9.il . . 
Units of heat per degree difference water and air, 1SB4-109 . 
Units of heal per fool turf ace, per hour, 22 x 307.4 -^ 40,5 = 200 o 






200 



ad- May 18, 1888. Duration of test. 1 hour. 

Temperature of the air of the room, Fahr 75 ° 

" " " water: Inlet 201", outlet 183.5°; mean 192" 

Water (St) liis.) passed through six times per hour = 470.5 

Difference temperature inlet and outlet 17.5 D 

Velocity of water in pipe (feet per minute), 470..'i-e- 19.11 24 

1'nits ')( ln-at per degree difference water and air, 102 4- 117 * 1.64 

Unit* of heat jar foot per hour, 470.5* 17.3 -j- 40.5 = 203 or per cent 203 

3d — Hay 18, 1888, Duration of test, 1 hour. 

Temperature of the air in the room 73 " 

" "water: Inlet 205.5°, outlet 107.5°; mean 201° 

Difference temperature of air and water 120 ° 

Difference tern pe rat me entering and exit water 8 ° 

Water (80 lbs. ) passed through l;!J times per hour =• 1,101 

Velocity of waterin pipe (feet per minute), 1,101-^19.6 56 

Units of heat per degree difference water and air, 201 -=-126 1.00 

Unit* of htat per foot per hour, 1,101 1 8 -=-40.5 = 218 or 4 per cent 218 



One 37-inch si 



WATER CONTAINED IN UNION RADIATORS. 
>n, 4J square feet, 8 (be. of water. 
8* ■' " " " " 

44" 



. 

Oi 

Avenge, 18.5-?- 10.5 — 1.76, or 1| lbs. per squaro foot radiator. 

At 8.35 lbs. to the gallon, 1.70 -J- 8.35 = .21 gallons per sq. ft. 

One section of the Union radiator (see diagram No. 18) cons 
elliptical, 2} 1 2 inch, and two circular pipes. Total area, 5.92 

For sectional cut of the radiator, sec page 471. 

Note*. — Ir the air or tbe room* had been si 70» hutrnd at M», and Ihe 
radiator wmild tauvr brm 3a j,tr c-ni inliliiitinai. See tables Nik. in nut) l 

Ruin.- The number IB.6, tbe ilitfsnr in the ibovc Hups, Is the num 
charted by I-lnch pine when tbe Telocity is 1 font per mlnnte. 
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AMOUNT OF HEATING SURFACE REQUIRED. 
Tlit- tables (page* 480. J* 1 1 were prepared to Have computations, but, at the sum 
time, take account of sfitue of the principal factors in the demand fur heat, — the 
gluts, tlie outside wall, and the gmHlufloa. 

In determining the amount of radiating surface necessiiry to properly warm* 
room, the cubital content* of the room play a small part, as compared to tin 
exposure of the building ;is represented by the amount of outside imU and (lie pita 
in the windows, that by itn material and (MnWM is continually dispersing heat, and, 
dually, the mode of ventilation, or the conveyaneo of heat from the room by current! 
of air. 

They are generally applicable where the climate is similar to that of the larger 
cities of the Northern States, and will he sufficiently accurate for many loealitiei 
where the difference is not great from these cities. For extreme latitudes, table, 
page 479, ghes tlio correction that should be applied. See the last column, headed 
" Relative demand for radiators." 

It will be seen that table No. 20 is for the wall and glass alone: the correction to 
be added for spare is combined with this in the second table, No. 31, and the colored 
lines serve to show the proportion of the radiating surface, thus obtained, to the 
cubical contents of the room. 

For sizes of buildings and rooms, not included, the general rule may be applied bj 
which this table is computed ; namely, DM square fool of radiating turf act for *&t\ 
two square feet of glass, for each twenty square feet of outside wall, and for twry ttto 
ftttdM cubic feet of spare. 

The estimate of the cooling effect of the glass is that obtained from the experi- 
ments of Hood, and is adopted by Hnldwin, Rafter, and others. A smaller estimate 
is made by Box for still air; but as the air is seldom stilt, and as the effect of wind 
greatly increases tlio cooling, as shown iu preceding experiments on radiating sur- 
faces, we have adopted the larger estimate, as more in accordance with extreme 
conditions, for which there must be provision. 

The cooling effect of (lie exposed surface of the walls of a building will vary 
considerably with the material and thickness. When lathed and plasteied inside. 
it may be roughly assumed to be one tenth that due to the same area of glass. 

After having made allowance for the loss of heat through walls and glass, tliere 
■till remains to be considered the heat required to provide for losses by ilie 
continual reception of cold air by opening of doors and leakage through crevices 
and the porous material of which the house is constructed. 

To provide for these losses, and at the same time to make some allowance for the 
contents of the room, an addition has been made to the heating surface of »n 
amount sufficient to raise the temperature of all the air in the room once every hour 
from an outside- temperature of 82° to the standard inside temperature of 70°. 

Where rooms are used for special purposes, or requite large amount of ventilatiun 
on account of the number of persons present, or the uses to which the room is pat, 
the above estimates will require modification; also the nature of the heating surface 
will bo a factor. Thus, for example, If the room is warmed entirely by indirect rail* 
tors with a forced current of air, more heat will be due to a given surface: and th" 
above, which is made up on the basis of a uniform duty, will no longer apply. 

The following estimate of the proportion of heating surface to space warmed is 
taken from Hood for different buildings heated by water. While it is contidvr- 
ably lower than the amount usually employed in American practice, being adapted 
to the English climate, it serves to show the comparative differences between build- 
ings used for ditferent purposes: — 

" Churches, one square foot of surface to from SO to I (10 cubic feet of space, accord- 
ing to the degree of ventilation. Dwelling-houses, 1 to 70. Halls, shops, and wsititifi- 
rooms, 1 to 80. Workshops and manufactories, 1 to 100 or 14(1. Schools, lecture- 
rooms, 1 to 120 or 140. Greenhouses, 1 to 21." 



i 



479 












The Warming and Ventilation of Buildings. 




g 

5 

s 

c 
K 

fc 
z 
o 

> 
■z 

-H 

S 
-a 
tn 

33 

Q £ 
g -3 

" G 

s w 
S w 
3 o 
5 -n 

1 s 

5 SS 

5 O 

6 =5 
a H 

\ W 

» 3 

5 W 

n 3 

g M 
2 " 

H O 

s 3 

^3 

3> 

H 

> 
o 

> 

fc 
P 

A, 


: f a 
PI 


JSP*' ,, -^ ? -3 J?" " fl- » ^ 

pp: :*-: ::::.::?.::::.::::: : 


f 




. ii i Miii 1 1 m i i 1 1 1 1 1 1 


HLL 


B 


3 
§ 

S 

5 
ij 

3 
5 

1 
t 

IT 

1 

f 




o-lj - c~t .u J* ,j njl^j u, u>v] l-'^- i. :— ;,. j-i ;j i- "J i.l,. i* 


Mrin. 




.liL.il 1 '!. ' i i .1 1 1 i i ii i 


1U. 






';.-;;.;; -jr^tssiis'JjaStWBWSS 


m™. 




s=i»t'a..„Jas.»iLa&... —i. 


Hcu. 


2 

i 




a:SI£':i'SWf,^SK»St£S«£S^^ < s'sisS 




aa- as &SJ c s =K a sz* «s aa;; :; sgfi 


Min. 


I 




(2*S.~J *SIiI So'fi'iiS-SSS =r£i C-.53 "£ EbBi'C ii 150C ft 


"■■»■ 




IrtC^ ^M^i Q.4V ~J OvJ. lA J. c - - C-^O Be >-J ^i O i> ii i- \0 


HI B . 


E 


o SS'SUS^ SISS'ST! 835 1 8?8 1 &S'.? , -ci£'flyj2'Sr 


M«an. 




... " ,: ' J - ... J ~ o .' ~ ■ i ■.' ." :■■ '. ^ I ■;■ -.. - ~ ; ■"; 


Uln. 

Menu. 


! 








■Z *s, ^-i i r- i^6-' o u ^ i- c o o -j o *j»j 0"0 <*> 


Mln. 


I 




■^ ^-'^. V-£ 5: ?!l~,«.l>. O',,..' -"[,, CC§:0 1, CO - O $ u 1*1 " 


Mi-mi. 


: : : 


fj.o C!ij> o<-. y-i v»u. ut^ "c.^ ^.^i l.1 j.'"^i^' <ju» oo uuy» 


Mill. 


! 


: : : 


"J 0*0 C*0^#»Ly* -* *• 1** -So* *o - cr.-u 1 --' O J- ^ &&K£\j> o 


Heu. 




'st'st'saa'us-c'Bttkiaxsutiaa'easts 


Kin. 


I 


. . . 


2 g2\g'2'2*l££g:£';2S3 , 33 83'8o8 1 8\?ff-S2' 


U»D. 


: : : 


■a stag's aswadtj u a a 8.3SJ1 as mta 


Uln. 

Haw. 


i 




SWISS'S tS'aS'c'SSS'SStSBfMbtBS!* 




»3J!=t4sL^«5 u lk..B..i.i5l 


Mill. 


, 




■oaswaftsttstiStiiaiiiiritawsftitta 


Me«i. 




iL.I ' U ' 'ii 1 ' '.I' '1 1 


Uin. 


D 




*o -^j^ ii*C -j ^. -<^^- ._" '■i^^'llsfi 


Mrsn. 


.— ......... c.™=~. =,*.,»-.. -.^...^ 


Nuri.l.iTi.i it 


MlllU 

sd. 


d~* — -ji ■& <$•&■*. o m p- o £ - o j* n o ""- " - - Cvi ~ *o oc B rji 


Mm. ii 


T» 


* sr? ysa s 8ks-sk"3s ss^ 8S8.'8,?:i5'8'8,?!re;f 


ul.'r , 




■5 5 5 8 usi 8 s?5 i I i is 5 8 ii 1 8 s g-i i 8 88 8 


i;i,hi!ivi. .I,-,,,, 

| radiaton 


1 

















Hbat: Its Science, Production - , 



» Application. 



TABLE No. 20. 

Mc-.-.i in— Surface* Required In Radiators. Low lYraanr? Slcum and Water ClrcnbOiM, 
at Similar "-mi iim- and Average Conditions. 
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tiNG and Ventilation of Buildings. 

TABLE No. 21. 
Comliinoil Remand in Radiators for Rooms and Offices with Different Exposures. ' 

to change e«h luiiir. Table No. 3 



sr 



Hi 



THOUSANDS OF CUBIC FEET IN THE ROOMS. 

| 4 ' 6 | 6 | 7 I 8 I 9 I lO I 11 I 12 I 13 I 14 I 16 I 16 I 



'"5 '7° 
170 17; 
'751 '8° 

:2a ..- : 
. 185 190 

■ KB fc 



I 






IIS 



& 



1,.; 


'' 5 




1 »S 


Mji 


1'JO 




US 


ni 




140 


HI 


MS 


ISO 


■5 U 


.6S 


">S 


170 












.8^ 


i»t 




100 


•Q-i 


I'll, 




-•0 5 


K>5 


siS 


IW 




"S 


MS 


i;to 


*(0 


■Ms 




j.v) 


K40 


*4S 


*4S 


*W 


*JO 


& 


r,,-. 


26, 


:'.S 




170 










«s 


-^ 


xfe 


-'</- 


*ys 


•"'- 


y» 


-,« 


l»< 


W 


■10 


J.L- 


3'i 


|i* 


VOi 


i-'U 


r»*sl 


v; 


;|3 




IIS, 


i;. 


HO 


Mu 


MS. 


HI 


iSu 


jyj 


•'- 



355 j'"> J'* 
J f -o. Jf>5 37' 
36SI 37°i 37 
1:30 1:36 



"5 




" = 5 

110 


ISJ .jo 


'« 


n°. '35 


140 


'.>> MO 


US 


140 14s 


">" 


'45' '5° 
150,155 

■III "65 


170 


j 65 170 


^ 


'75 'So 


ISS 


iSoiSs 


too 


18 5 


140 


m 


100 


.■K 




f 5 
:>S 








1-^S 


-VJ 


MS 


-id 


.■^ 


-;o 


*1S 




-15 


-■!'-> 


141 


J40 


*4\ 


-■■,0 


-5° 


s6s 


770 


-'■5 


270 


& 










rfs 




Hts 


-w 


-^ 


--<* 


«« 


«JU 


*»s 


;uj 




;<;o 


TOS 


i'-J 


VS 


(IU 


-• 


|W 


t'5 


Mo 


vs 


)W 


315 


V* 


i-S 


VO 


3*< 


H'J 


;- 


ii" 


i.iS 


;i" 


ns 


HO 


!ii 


MO 


Ml 


vl<J 




1W 


54 5 


;-■; 


170 






W 






.570 


J*! 


j.So 

ft 
390 



1:06 
l:BO 



H»^ 



iV 



Its Science, Production, and Application. 



GENERAL PROPORTIONS OF LOW-PRESSURE STEAM AND WATER 
APPARATUS. 

The following table has been prepared to show approrim<itrly the rein: | 
different parts of heating apparatus as required and used in practice with low- 
pressure steam, and the closed tank system ■■/ h ntimj by imhr rfrawfatto— , 

It is also intended to give at one glance, and under ii proper hlMWllnff, the relation of 
each paft of a healing appai'titus to the other. While not assuming that these ratios 
are those which should he applied in every particular case, they represent fin 
general and average conditions, and the dnl.ii tlint is applied, with certain moditi<a- 
tions. which each particular case rectuires. 

It should be explained that the letters whan introduced info formula in the head- 
ings refer lo tlie columns in the table bearing that number at the top; for instance, 
the horse-power corresponding to basting surface in the boiler of 250 square feet is D 
(250) divided by 15 — 111.7, as shown in column A opposite 2.10 in B. 

This table (So. 22) will he found very convenient for architects, builders, and others, 
who desire to arrive at some one detail of n heating apparatus without wading 
through a number of calculations, or, when having some one or two items, they wish 
to arrive at the corresponding relation of some oilier part. For instance, having the 
cubic contents of a building, sny 2/>,(KX) or 100,000 cubic feet (column O), then any 
corresponding detail of material mny be found by rending the same line to the 
left. 

Columns A and B show the horso.power of boiler, and ihe number of square feet 
of heating surface to supply the radiators, I foot of boiler surface being taken as 
equal to 8 feet of radiator, (fn tent it /■eiiting, 1 to 10 in ample.) This allows for 
increased duty sometimes demanded. Fifteen square feet of the boiler surface nre 
considered as representing ISO t<> 200 fcquare feet of water radiator. 

The dimension* of f ht furnace and grate atglten in columns E, F,and G s/iaw I In arm 
o/jfue stiff dent !•> pro/" tli/ (liitrlnirijf tin' product* of rombuttion. This is the key to 
the efficiency of the whole plant, (See remarks on chimneys, pages 484, 485.) 

In this connection we mny remark that, while this table is put forward as only the 
npproximale data, size, and relation for any psrticnlar use, that the results found 
(table) have been cheeked up from many examples in the author's own construction. 

Column II shows the distances that the radiating surfaces can be carried from the 
boiler With tho sizes of supply (column I). 

Columns K and L indicate the limits within which the number of one-inch branch 
pipes should fall. In column K the velocity is the same for the tluid in both main 
and branches, while with as many branches as are shown tn column I, the friction is 
the same for equal lengths of both main ami branches; thus the same Volume of the 
heating fluid encounters equal resistance in passing. 

Column N may he taken as proportional to the cost of tho whole apparatus, the 
basis of estimate being $1.25 of cost for every square foot of radiation. Thus a water 
apparatus with fi.OOO square feet of surface would, in general, cost in the vicinity of 
0,000 x 1.25 = •.7,500 io erect 

PRACTICAL EXAMPLES OP BOILER PIPES AMI RADIATORS. 
Thus from the table we may read, right to left under column O: " Residences U 

dwelling of 011,000 cubic feet of space (direct and indirect radiation) — 1, 

pipe to carry it :i inches; boiler surfnee 107 square feet, and grate surface 8 feet" 

This is the dala of water apparatus at No. 25 Niagara liquor*. See pages : 

Similarly from column P we rend: 400, 000 cubic feet; radiation 7.000; size pipe U 
carry the surface W inches; boiler 77 horse- power. 

This is substantially dai.i from the Pierce lluilding. See table, page 441. 

So at tible we read under column Q: contents 7il5,0O0 cubic feet, radiators 8.500, 
main pipe inches, boiler power 04 horse- power. 

This Is, as seen, the data from the county buildings at Springfield : - 
radiators, the space being 740,000 cubic feet. See table, pa^e 447. 
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CHIMNEYS. 

It is safe to say that no one detail or feature of a heating apparatus 
is so important as a properly constructed chimney flue ; as, wliile every 
other detail may be |>erfect, no efficient or valuable work can be 
obtained if the draught is weak and sluggish or limited to only the 
most favorable conditions of wind and weather. 

Whatever the height and area of the chimney, it should be carried 
up above the highest point of the roof, be covered with a cap to pre- 
vent down draught, and the slope of the wall around the top should be 
at an angle of forty-five decrees. 

An attention to these details when constructing a building will save 
much trouble and annoyance afterwards to all parties ; but the writer 
is compelled to state that a good chimney or ventilating flue, in either 
new or old buildings, is the exception rather than the rule, while* 
without a good flue and draught, no boiler will show up to any advan- 
tage, and an engine or heating plant attached to it will suffer and be 
defective and crippled in proportion as this important adjunct of 
power has been neglected. 

When a good flue is provided in the proper location, both time and 
money are saved, as a restricted flue requires more heat to create 
draught than one that is ample. The power of any flue being in 
proportion to the difference of temperature between it and the outside 
air, table No. 26 has been arranged to show this power for almost every 
possible condition, while table No. 22 gives the area of chimney flue 
for boilers of different sizes. This table also includes the general 
proportions of low-pressure steam and water heating apparatus for 
average condition**. 

Yet how are we to obtain chimney flues of proper area, height, and 
formation ? Who, as a rule, have control of these important articles of 
work ? Generally the architect is supposed to dictate this, as all other 
details of construction ; but not l>eing an engineer, or familiar with the 
work of boilers and grate surfaces, how can he specify wliat he does not 
understand? More often this important detail is left to others, to his 
draughtsman, while the carrying out and up of any flue falls lightly 
upon the mason, and finally upon the bricklayer, who, having not a 
particle of knowledge of the requirements, and less interest, the 
chimney flue is invariably the weakest member of the whole construc- 
tion, and fails when only a reasonable demand is made upon it. 

Lately, however, after thousands of failures in this important matter, 

the heating firms and even the owners of buildings are getting alive to 

the demands and to the responsibilities of this chimney question, while 

the more practical and even legal side is seen to advantage in the late 

lt^ appeal and decision of the Court of Common Pleas of New York. > 
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THE RESPONSIBILITY OF AN ARCHITECT. 

•"Theeaseof Hubert r*. Aitkin, recently decided in the Court of Common Pleas of 
New York City, gave Judge Van Hoeseu occasion to define tlic relation of an archi- 
tect to his client in its incidental responsibilities. The question in tlie particular case 
was as to whether this architect was liable to damages for the insufficient size of a 
chimney for stt-:im in an apartment house, he having relied on the judgment in that 
respect of the steam -heating contractor, which proved at fault. 

" The lotion wag brought by the plaintiff, Phillip G. Hubert, an architect, against 
John \V, Aitkin for the value of his services; and the defence was that the area of 
the chimney Hue provided in tin- chimney was inadequate for the service of the 
boiler, so that the proper consumption of the coal could not he secured ; and that on 
account of this deficiency in the chimney line the defendant will ho obliged to build 
a uew chimney flue on the outside of the building, and that the necessary cost and 
expense thereof will he $1,0(10. In commenting on the case, tlio judge said: — 

"The plaintiffs are architects of standing, who assume to be able to plan and 
superintend the construction of first-class apartment houses, to be heated by steam 
and to ho provided with every eonvenienee demanded by the tastes of the day. 

"They are not architects in a rural community, but in the first city in America. 
Steam heating is, as we all know, com in on, if not a necessity, in all apartment houses 
of large size and of a high class. It is true that houses of this description are of 
recent introduction; hut they are now a very important part of our system of 
economics, for in some of the new streets they are more numerous than private resi- 
dences or tenements of the kind that wan formerly in vogue. The architect who 
undertakes to construct a house that is heated by steam is groping in the dark 
unless lie knows how larjje it ehinuiey is required. It is as necessary that the architect 
should know what is needed to make the steam-heal in £ apparatus serviceable, as it 
is that he should know how sewer-gas should he kept out of the bouse. Xo one 
would contend that at this day an architect should shelter himself behind the 
plumber, and excuse his ignorance or the ordinary applianees for sanitary ventila- 
tion, by saying that he was not an expert in the trade of plumbing. He is an expert 
in carpentry, in cements, in mortar, in tho strength of materials, in the art of con- 
structing walls, the floors, the staircases, the roofs, and is in duty bound to possess 
reasonable skill and knowledge as to all these things; and when, in the progress of 
civilization, new conveniences are introduced into our homes, and become not 
curious novelties, but tho customary means of securing the comfort of the unpreten- 
tious citizen, why should not the architect he expected to possess the technical learn- 
ing respecting them that is expected of him with other and older branches of his 
professional studies? It is not asking too much of the man who assumes that he is 
competent to build a bouse at a cost of more than tlOO.OoO. and to arrange that it 
shall be heated by steam, to insist that he shall know how to proportion his chimney 
to the boiler. It is not enough for him to say ' I asked the steam fitter,' and then 
throw the consequences of any error that may he made on the employer that engages 
him, relying upon his skill. Responsibility cannot be shifted in that way. In the 
case of Money penny r*. Harland, it was he'd that if a surveyor he employed to erect 
a bridge and form the approaches to it, be is bound to ascertain for himself by 
experiments the nature of tho soil, even although a person previously employed for 
that purpose by his employer has made such experiments, and has given him the 
result at his employer's request: and if the surveyor makes a low estimate, and 
thereby induces persons to subscribe for the execution of the work who would other 
wise have declined it, and it turns out that, owing to his negligence and want of skill, 
such estimate is grossly incorrect, and that the work can be done only at a much 
greater expense, he it not enlitteil to renter fur liis tenttmt, 

" The '-'1'ii-t of 'j'-ii- ral term decided thai (Ala mm qftlflOO neoetMni for Hit construc- 
tion of a nnr chimney fiue, must be deluded from tin- chum if the plaintiff and architect 
for hi* tcreirtx." • The Sanitary Engineer, Jau. SO, 1BSB. 



w 



j Science, Production, and Application. 



PLATE NO. 46. 

GENERAL ARRANGEMENTS OF STEAM AND WATER HEATING 

Bv "Direct" and "Indirect" Radiation. 



? 




n warm-air 



On the left of the hull is the parlor, heated by register from the 
chamber in basement. 

On tho right is the living-room, with large bay window, warmed like the parlor 
by register, and getting the benefit of tuattr htal lehrn there it no (Cam, and also 
the outside stack of radiators, placed under (he bay window, and MSneotad by 
and return pipes to the boiler. 

Tho second ami third stories are heated in the same- manner as the parlor, m by 
direct radiation, with pipes leading from the boiler in tho rellar to direct radiators 
in the several rooms. The ventilation is by the chimneys as shown. 
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THE VENTILATION OF BUILDINGS. 
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PART VI. 

HE air we breathe, the house we live in; the health, comfort, and 
prosperity of humanity, — here indeed arc themes fur the pen of 
the scholar, the physician, and the scientist. 

That these are generally the writers that contribute learned 
and graceful essays on the various branches of this manifold subject, 
renders any less able and restricted treatment liable to seem tame and 
-uninteresting, at least to the general reader. 

It is a source of regret that this important and all-controlling agency 
in any heating operations should lie left to the hist, limited to a detached 
Of notional treatment; yet this has seemed necessary, since heat, its 
jrt.'iit'i*afiiin and transmission, properly come before methods and results 
of application, and because we have already largely exceeded our esti- 
mate of time and space in which to conform to our title page. 

While we do not propose to enter extensively on the various 
and far-reaching themes connected with ventilation, there are certain 
leading ideas and principles it is not best to oinit. As there is much 
diversity of opinion as to the demand, also the methods of meeting it, 
it seems well to consult authorities, and, as we have before remarked, 
avail ourselves of the ideas of those who have not only studied the 
subject intelligently, but have put their thoughts in clear and practical 
language. 

The older treatises on ventilation were, as might be inferred, by 
English and European writers, and related mainly to the need of a 
pure-air supply, and such methods to secure it as were applicable to 
their climate and lesser demands. Their knowledge of the constitution 
of the atmosphere was correct, also the sources and amount of contami- 
nation Buffered by the air in all enclosed spaces. That tome of ilieii* 
ideas and many of their devices for removing air were crude and ineffi- 
cient, is true ; but, had the designer and builder of those days assisted to 
render operative a quarter part of the intelligent methods offered by 
. would not so long have remained without any recog- 
nized system of air supply and removal. 
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This last remark will apply with equ;il and greater, force to our own 
time, since we are not to-day using one half tin: means at our disposal 
for securing a pure-air supply for our dwellings and public buildings. 

Among the early and practical writers on ventilation we may mention 
Charles Hood. F. R. S.. London, 1*37 to 1879. This book on warming 
and ventilation, although now in its sixth edition, is considered one of 
the best treatises in this important line of heat and its application to 
buildings. Stoves, furnaces, steam, and hot water are considered h 
agents. He also went extensively into the matter of gravity and 
mechanical ventilation, and gave practical estimates of the efficiency 
and cost of each method. 

Another of the older works on ventilation and its kindred mbjeoti is 
that of David Boswell Reid, M. P., F. K. S. C, 1844; also thai ,i 
Charles Toinlinson. "Warming and Ventilation," 1804. republished by 
Crosby, Lockwood & Co., 1878. 

A "Treatise on Heat," by Thos. Box, 1868-1876, hist edition 1880, 
is one of the best general reference books in this important line of 
engineering. Box gives much attention to ventilation by beat inside 
of shafts or chimneys, and also to the mechanical methods. It was 
from a study of this practical author that the writer secured the lines 
for his ventilating wheel, drawings, and data, which are given in the 
following pages. 

We may mention F. Sehuman, C. E., 1877, Geo. Hafter, 1878; also 
Butler's treatise, re-edited by James L. Greenleaf, C. E., 1878. 

One of the latest and perhaps only connected American work on 
ventiltitiiit/ and warming is that by Dr. John S. Hillings, M. P., LL. D., 
and Surgeon of the United States Navy. This hook was published by 
the then Sanitary Engineer Co., of New York, 1884. It gives a liberal 
treatment of the subject, and furnishes examples and illustrations of 
modern buildings that have been warmed and ventilated by meclianical 
methods. It also contains a paper and a table by the late Robert 
Briggs on the proper construction of ventilating fans. While these an* 
all found in our list of books consulted, we mention them now. 08 those 
on whom, with many others, we shall draw for valuable facts and illus- 
trations; not, as before stated, within the writer's pe.nn<nnl knowledge] 
but all the more valuable that they are from the pen and practice of 
those who, with better education and facilities, have given both time 
and talent to this important branch of heat engineering. 

We have noticed in a former place (Chapter XXI.) the works ami 
writings of Henry Ruttan, In the following pages we Bhall briefly 
quote from these practical writers and engineers as the best iutiodiK- 
tion to the sciences involved and their bearing on ventilation. 
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* "Ancient Egypt, the site of the earliest civilization whose remains 
have been spared by time, appeal's to have been somewhat acquainted 
with the needs of ventilation. In the pyramid of Cheops, proliably 
older than Abraham, a passage exists, seemingly to have hud the 
purpose of conveying air into and ont of a chamber in the interior of 
the structure- Acron, a Greek philosopher and physician, in the 
century before Hippocrates, is said to have arrested an epidemic in 
Athens by lighting fires in several places in the city, to change the air. 
Celsus, the great Roman physician, alludes in his writings to the bene- 
ficial action of fire, the sun's heat, and elevated exposure, in purifying 
the air of -a sick room. The ancient Romans sometimes employed great 
bellows for ventilation. In Germany, in the sixteenth century, bellows 
and also rotary fans were used to inject fresh air into and force foul air 
out of mines. Desaguliers imitated this in England in the eighteenth 
century, and also contrived a revolving fan to ventilate the House of 
Commons, by drawing the foul air out at the top of the building. This 
arrangement was in use for nearly eighty-four years. Dr. Hale, of 
London, during the same century, invented what was called the "ship's 
lungs," for airing, by a kind of bellows, the holds and other parts of 
vessels at sea. Sutton, a London brewer, near the same time attained 
a similar result by utilizing the cooking tire on a ship's deck. Hospital 
ventilation, through aspiration by heated flues, was introduced into 
England by Sir George Paul in 1820. Dr. Arnott, a little later, did a 
great deal to stimulate attention in England to ventilation. His 
chimney-plaee valve is still a great deal used. 

"No educated person denies the importance of ventilation, but 
scarcely one in a hundred of the best-educated pel-sons gives enough 
practical attention to it. It is proper, in this place, to go down some- 
what to the elements of the subject. Why do we need to ventilate at 
all? Because we have to breathe; and in breathing we une up and 
tfioi! tht> air. Everybody knows what happens in drowning; air is for 
a minute or two kept out from the lungs by water, and the submerged 
person dies. So when a man goes into a beer vat lately emptied of its 
liquid, but leaving some of the gas of fermentation, — carbonic acid, — 
behind, he falls over, and, unless at once rescued, loses his life. Sleep- 
ing in a room in which charcoal is burning away from au open chimney 
has likewise often been fatal, and was employed by suicides for 
shuffling off this mortal coil. In these cases it may be said the air is 
poisoned. Tins is true j but it is not more certainly nor even so badly 
poisoned as it is by human breaths and the exhalations from our bodies. 
Charcoal gas is carbonic acid. We exhale that, and besides, with every 
breath, and from all the pores of the surface of the body, deleterious 
organic matter." 
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" This combination when concentrated will kill more quickly than gas 
produced by simple combustion alone. In t lie famous instance of the 
1 Black Hole vA l '.dentin.' always cited in connection with this subject, 
one of the survivors of the night's long imprisonment {of one hundred 
and forty-six men in a room eighteen net square) tuentaotu thst, 
although the room had in it two small windows, nil bal two 
man died; several of them with different symptoma from those pn> 
linen] l-y breathing carltoiiic iv id gas alone- Armihei- example of the 
same thing is the following: A steamer (the "London 
taken in the Irish Sea hy a storm. The jwissengers, about two hundred, 
baring been ordered below, the- captain, to prevent water getting in, 
battened down the hatches. Before their suffering and alarm compelled 
him to set them at liberty, seventy-two had died of suffocation. There 
is, then, immediate danger from want of ventilation. But this is fat 
from all. An impure air may poison us slowly. Typhus fever (jail 
fever, camp fever, ship fever. — of different places) may, I am well con- 
vinced, he engendered by tills cause alone, as well as by contagion. 
Typhoid fever and diphtheria are at least much promoted bj it. And with- 
out any such diseases, a low state of the health, with increased liability tu 
scarlet fever, measles, etc., and a greater probability of death when 
they occur, is a constant effect of close living. 

"Pulmonary consumption and other affections of the chest, as 
pneumonia and bronchitis, are much more common and more I 
those who live all the time in ill-ventilated rooms, than in those who 
are exposed to the inclemencies and vicissitudes of the weather. This 
is a fact which, if it were generally appreciated, might make a peat 
difference in the manner of living of many people. 

" Air consists of two gases mixed together. Referring to larger 
works for more precise details, we may say that these are about four- 
fifths nitrogen and one-fifth oxygen. The latter is the vitalizing, 
indispensable principle; the nitrogen merely dilutes it. Also the air 
contains a varying amount of watery vapor, which we cannot do with- 
out, but which may be more or less disadvantageous bj 
quantity of carbonic acid averaging, in the open air, three or four parts 
only in 10,000 ; and other ingredients, gaseous, vaporous, and i 
(dust) present or absent, according to locality and circumstance*. Of 
these non-essentials of the atmosphere, the organic matter derived from 
human beings, cither animals, and plants, whether living or dead, is ihe 
most important, because capable of doing the most harm by its decom- 
position and poisonous action." 

For a detailed estimate of the effect and amount of the different 
sources of contamination of the air, see page 494; also 
requisite, table No. 25, page 522. 
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NEEDED INFORMATION. 

Advice regarding fresh air has not been lacking in amount.* 

•'Even the most ignorant have some indistinct notion that there is 
such a thing as had air, and that it is not good to breathe it. 

"Teachers of hygiene proclaim to pupils the virtues of pure air, shut 
up in schoolrooms where it is impossible to get it. 

" Physicians advise their patients to take fresh air, and this by going 
out of doors, thus tacitly realizing that it cannot be found indoors. 
Preachers in churches, where deadly gases from the lungs and poison- 
ous i-rgann- emanations from the skin are imprisoned from week to 
week, emphasize the importance of properly preserving the physical 
body. There is a universal recognition that it is had to breathe impure 
air; there is ignorance no less universal of the conditions of how to avoid 
it. When the nature and composition of a deadly drug are known and 
marked ' Poison,' it is properly avoided. In the following pages we shall 
see bo* much of the air we breathe should l»e labeled with skull and 
cross-bones. 

" Where is the impure air? What makes it impure? What are the 
nature and amount of its impurities? These are important questions, 
whirh among the educated are tolerably well known. But when these 
impurities exist in an occupied room, how are they to be eliminated and 
replaced by pure air of the proper temperature? 

" These are questions which arc no less important, but they ore ques- 
tions that are seldom answered. How to know where impurities exist; 
how to expel them as fast as formed, and supply their places with the 
pure, life-giving element, is a problem second in usefulness to none 
other. Of the difficulty of the problem we have ample evidence in the 
fact that it has been but partially solved, and in general practice almost 
wholly ignored." 

In the light of science, a human being is really a furnace or a small 
steam boiler, requiring a stated amount of solid, liquid, and gaseous 
food to produce certain results in work or force. The one exactly 
represents the other; we may fairly estimate the amount of oarbon and 
hydrogen required to be in proportion to the amount of physical and 
mental exercise. 

To quote the words of Professor Tyndall : " In the animal body the 
eat In .11 and hydrogen of the vegetable are again brought into contact 
with the oxygen from which they have been divorced, and which is 
now supplied by the lungs, Reunion takes place, and animal heat is the 
result. Save as regards intensi »«» is no difference between the 

combustion that goes on wit t of an ordinary lire." 
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We see, then, of what vital consequence is the presence of oxygen 
in the atmosphere ; without it, fires and lights will not burn, our food 
will not digest, and the blood remains unpurified. This is shown by 
the pale faces and purple lips of people living in close and overheated 
rooms. These are the forerunners of certain death to persons deprived 
of the life-sustaining oxygen. 

*• None except he who has given special study to the facts begin to 
realize the injurious effects of breathing impure air. Every one knows 
what a disagreeable feeling accompanies the breathing of impure air ; 
that a feeling of stupor, inactivity, drowsiness, and sometimes nausea, 
headache, and vertigo, result directly from the occupancy of ill-venti- 
lated rooms. These sensations are temporary, and are experienced only 
while the cause is active, and usually the only thought is to temporarily 
relieve the inconvenience by a recess or a break for fresh air. 

" Seldom do persons reflect on the ulterior effects of these violations 
of nature's laws ; and when the outer air is reached, and long draughts 
of the pure element relieve the oppressed sensations, and send the 
invigorating, oxygenated life-blood current coursing through the system, 
raising the spirits and clearing the brain, their reflection usually ends 
with relief, and, when more or less resuscitated and rescued from the 
fatal stupor (I use the phrase advisedly), the unsuspecting victims 
crawl back into their 'Black Holes,' again to fill the system with 
the gaseous poison, thinking it only an unpleasant duty, the immediate 
endurance of which will bring subsequent freedom and relief. But this 
is a great mistake ; the temporary suffering incident on the act of 
breathing vitiated air is but a small part of the objection to be urged 
against it. The principal charge against the breathing of impure air is 
that it sows the seeds of disease and death, the length of time in which 
the subject will succumb being in proportion to his power of endurance. 

"No subject has been more carefully and intelligently studied than 
the direct and ultimate effects of impure air on the human system, and 
on no subject is there more unanimity of competent opinion. Besides 
the general debilitating and weakening effects, which render the system 
susceptible to infectious diseases, breathing impure air is believed by the 
best authorities to be a direct cause of phthisis, consumption, and its 
accompanying diseases, — catarrh, bronchitis, pneumonia, and many 
others. 

" The individual effects of breathing separately the foreign gaiei 
usually found in the atmosphere need not be considered here; but lib 
their combined effect, combining as they do with organic 
from the skin and lungs, that chiefly concerns us 
effect of impure air made so by respiration." 
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"On the disease-producing effect of air rendered impure by reapim* 
lion we have a host of authorities. The following statistics arc from 
the ■ English Sanitary Record,' given by Hansom, showing the com- 
parative death-rate from pulmonary diseases in different localities where 
the relative impurities are known to vary in about the same ratio as 
shown by the death-rate. For all England, 1865-76, 3.54 ; for 
Salford, 5.12; Manchester, 7.7 ; Westmoreland, one of the healthiest of 
counties, 2.27 ; North Wales, 2.51. It is of course not to be forgotten 
that other causes, such as intemperance, insufficient and improper food, 
sedentary pursuits, etc., also conspire in these unfavorable localities to 
produce the final result. ' But,' as Dr. Paikes remarks, 'allowing the 
fullest effect to all other agencies, there is no doubt that breathing the 
vitiated atmosphere of respiration has a most injurious effect on health.* 
Consumption is commonly attributed to sudden and undue exposure to 
wet and cold, want of sufficient food, clothing, etc; but Baudelocque 
says 'that impure air is the great cause of consumption, and that 
hereditary disposition, unclcanness, want of clothing, had food, cold 
and humid air, are by themselves non-effective.' The following para- 
graph from ' Parkes' Hygiene ' I copy for the weight of authority in the 
eminent mimes mentioned therein:— 

'" Carmiebael, in his work on scrofula (1810), gives some most 
striking instances where impure air, bad diet, and deficient exercise 
concurred together to produce a most formidable mortality from 
phthisis. In one instance, in the Dublin House of Industry, where 
scrofula was formerly thought to be contagious, there were in one ward, 
sixty feet long by eighteen feet wide, thirty-eight tads, each containing 
four children ; the atmosphere of the ward was so bad that the air in 
the morning was unendurable. In some of the schools examined by 
Carmichacl the diet was excellent, and the only causes for the excessive 
phthisis were the foul air and the want of exercise. This was also the 
case in the house and school examined by Neil Arnott in 1832. 

"'Lepelletier also records some good evidence. Professor Alison, of 
Edinburgh, and Sir James Clark, in his invaluable work, lay great stress 
on it. Neil Arnott, Toynbee, Guy, and others brought forward some 
striking examples before the Health of Towns Commission.' 

u Carbonic dioxide, COj, is commonly considered the poisonous 
substance in the atmosphere; this is in the main untrue, for moderately 
large quantities, when pure and mixed with nir, can he breathed with 
impunity. CO,, by its inability to support life, will produce asphyxia 
by shutting out the needed oxygen, hut it cannot In- regarded as a 
poison. Substantially the same conclusions have been reached by 
DeMarqaay, Angus Smith, W. Muller. Eulenbcrg, and Hut, nit of 
whom have made close invoatij 
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THE AIR. -SOURCES OF CONTAMINATION. 

A. ProJu<ti"i< <f Carbomie Add bg Respiration. •• When air passes 
into the lungs it undergoes n chemical change n hereby i '<itain amount 
of carbonic acid is produced. This when expired adds to the impurity 
of the air, and, were it* production by raapirataoD oontinued for a suffi- 
cient time in any tight space, the air would ultimately become so impure 
as to cause death. 

"It has been found by experiment that air in its normal condition 
contains in a'l parte of the world an amount of carbonic acid equal (d 
from 3 to 4 volumes in 10,000. That some must exist in the air, 
will be readily inferred by considering that respiration and combustion 
always produce this gas. The amount, however, was only determined 
by the researches of Kegnault, who analyzed air from many localities. 
When carhonic acid is the only impurity, from 8 to 10 volumes in 
10,000 may lx- respired without serious inconvenience, though 6 
volumes in 10,000 is taken as the limit of good ventilation for reasons 
to appear hereafter. Au adult produces 0.6 of a cubic foot of carbonic 
arii] per hour. 

H. "Jnerease of Moisture from Bodily Exhalation* and Respiration. The 
amount of moisture present in the air at different times varies greatly. 
Observation shows that there arc certain amounts of moisture which 
when exceeded lead to a rapid deterioration of the air. From 4.5 to 5.0 
grains in a cubic foot of air at b'0°-62° is the limit of good ventilation. 

C. " Oraania Impurities from BodUp Exhalation*. There is always 
present in illy ventilated apartments, especially school-rooms where 
children from the poorer classes are present, a certain unpleasant smell 
which a medical friend of huge experience in ventilation characterizes 
as 'cheesy.' In simple justice it must be said tliat this smell is by no 
means confined to school-rooms of the kind indicated. Excellent 
examples of it are frequently noticed in concert halls, theatre*, lvceum.s 
and in private houses, where even an intimation of uncleaulines* umikl 
be rank injustice. Organic analysis has thus far been unable to more 
than detect the simple presence of this ill-smelling enemy of the human 
race. It has been found, however, that a rapid increase of the organic 
impurity takes place when carbonic acid exceeds 6 volumes to 10,000, 
or when moisture rises aljove 5 grains in a cubic foot of air at 80*-88'' 
The reason for the limit of carbonic acid and moisture as above given is 
there fore apparent. 

D. "Heat Thrown off from the Oeeupants and from the Light 'sat ffigkt 
It has been determined by observation that an adult gives off 470-490 
units of heat, per hour, and that au ordinary sperm or tallow candle 
gives out in burning one hour substantially the same amount. The 
specific heat of air is 0.238 when water is taken as unity. Consequently 
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ie beat from a single person or single candle in one hour would raise 
1,974 pounds of air 1°; or, since a pound of nirat 60°-62 c equals 13 cubic 
feet (exactly 13.09 at 60°), we have heat enough to raise 25,602 cubic 
feet of air 1°." 

* It will be shown hereafter that 2,000 cubic feet of air per hour is 
fair allowance for an adult. It follows that every person and every 
candle gives out heat enough in an hour to raise the supply for each 
person from 12° to 13°. If a room were constructed of capacity squal to, 
say, 10 persons, and the air supply exactly regulated to give each 2,000 
cubic feet per hour, the bodily heat alone would increase the tempera- 
ture of the supply from 12° to 13°. 

" A large majority of buildings are lighted now by coal gas. We will 
therefore consider the amount of heat produced by the combustion of 
a cubic foot, having ascertained which, it will of course he easy to 
calculate the elements of rooms for any capacity and number of lights. 

" The mean of several tests was 705 heat units per cubic foot of gas. 
We will take for purposes of calculation 750 heat units per cubic foot. 

" Gas burners range from 3 to 6 cubic feet consumption per hour ; and, 
where no especial arrangements have been made for removing the heat 
of burners and products of combustion, a simple calculation will show 
the great influence on the health of the occupants of an apartment 
exerted by this apparently insignificant source of contamination. 

E. •' The Production of Carbtmic Arid from the Lights. According to 
many careful experiments the carbonic acid from a sperm or paraffine 
candle equals 0.31 eubic feet per hour. Calculation based on the 
average composition of coal gas shows that the combustion of a cubic 
foot of gas produces 0.43 of a cubic foot of carbonic acid. . . . 

"It is evident, then, that a considerable amount of oxygen is 
required for the various processes of respiration and combustion going 
on in confined spaces, ami that further deterioration of the air is contin- 
ually taking place by reason of the presence of nitrogen, previously 
mixed with the oxygen so removed. That is to say, oxygen, the life- 
supporting agent in these various processes, is continually being 
removed ; while nitrogen, the inert, useless element, is left behind. 

Air in its normal condition contains 23 per cent by weight of 

;ygen, and 77 per cent of nitrogen. It will soon result, however, in 

,ny confined space where respiration and combustion are going on, 

.t the amount of oxygen steadily decreases, while the nitrogen and 

.rbouic acid increase relatively to the amount of oxygen present. 
A further source of contamination is found in imperfect sewer 

mnections, though this part of the subject has been so often discussed 

at it is unnecessary to consider it at length here." 

• Oeo. B. Rafter. 
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In some wharf-building work in which the 
at Aspimvall (Isthmus of Panama), ii was necessary to rcmnvf t!.- 
wreck of a large English steamer that lay across the line when 
should l>e driven. Many efforts had been made to remove the ohunie> 
tion, but without avail, aa tliere was no modern diving ap] I 
. nor divan in operate it. 

A copper Ik'11 was made :it tin- cnmpany'fl machine .shop, It 
shaped, 4 feet high. 3 feet (! indies in iliainetei' at the bottom, and 6 
inches at the top, in which a ring boll was inserted : wound I 
Wen placed solid iron rings iw weights, which, with the " diver." maid 
cany down the enclosed air. 

The whole enclosed space was about 13 cubic feet. Deducting 3 for 
the trppet half of the diver's body, this left only 10 cubic feet of air 
space to subsist upon during a trip to the bottom of the. sea and n-nini, 
the water being from 20 to 30 feet deep. Taking the contents at lOi 
1,728 cubic inches -^480 (the air breathed per minute), we have 3fi 
minutes as the time in which the air would al! be passed once through 
the lungs. 

As tin writer was the diver, he may say that he found tin 
decidedly uncomfortable at the end of eight to tea minute*. The suffering 
and diatreas wan very great; there were ringing and noises in the ln.'.n], 
while great drops of perspiration started nil over the body. Several 
times be waa taken out unconscious, bleeding at the nose and ears. 

Then there was the additional pressure to wbieh the enclosed air wis 
submitted at various depths below the surfaee. At ."> feat below the 
surface, pressure inside the bell would l>e 2.1 pounds to the square imN 
(additional) ; at 10 feet, 4,3 ; al IS feet, ''..4 ; at SO feet, 8.6 ; and at 30 
feet, nearly 13 pounds per square inch on every part of the body. 
Under these conditions there were a less number of respirations, the sir 
occupying only one half of the original bulk. 

The final and dangerous condition was reached when,*fte) 
explosions under the wreck, the bell could not be lifted, owing to ta& 
ing of the tackle with the splinters blown off the planking. In this 
emergency there was no relief but in getting lower and lower down in 
the bell, to reach a stratum of air from which the oxygen had not been 
entirely extracted. It may be explained that the bell was suspcinliil. 
raised, and lowered near to the point of operation by the aide of fa 
vessel. The wharf had been built to within smiie 20 feet, so that the 
man holding the life line was stationed on the wharf; and, in r. 
failing of the hoisting tackle, the only remedy was to pull ujhui ilie lift 
line, drawing the Ir-11 away from the wreck's side, ami thus olei 
ropes from the obstruction splinters. True, the bell then filled wish 
water, but this was of little account, as the diver could then be rescued 
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WHAT VENTILATION IS.— HOW TO SECURE IT. 

••• What is it that we desire to effect by ventilation, and how may we 

■iiin good ventilation or know whether it has been secured in any 

;iven building? Ventilation is ordinarily defined to lie the removal of 

oul and the introduction of fresh air, but this gives a very insufficient 

dea of what is meant by the word. 

"IV hi ilni ■inn it Securing a Changt ■ «/ Air. It may be required for the 
jurpose of removing moisture, as in the drying rooms of a oottQfl 
actory, or in a cellar, or to keep the air of rooms fit for respiration. In 
the great majority of cases it includes the idea of a thorough misting (rf 
mre air witli impure air, in order that the latter maybe diluted to a 
nrtain standard. 

" I'ri-fii-t ventilation may be said to have been secured in an inhabited 
room only when any and every nerson in that room takes into his lungs 
at each respiration air of the same composition as that surrounding the 
juilding, and not part of vhirh ha* rtotntiy 6ttm in hi- mm Itmgt <>r 
tho»t •■ of Ins neighbors or which consists of the products of combustion 
■enerated in the building, while at the same time he feels no currents oz 
.raughts of air, and is perfectly comfortable as regards temperature, 
xdiig neither too hot nor too cold. Very rarely indeed can Bach |ni- 
ect ventilation lie secured, if the number of persona in the room exceeds 
two or three ; in fact, I have never seen but Ihree or four attempts in 
his direction. One of these was the house of the late Mr. Tlmmas 
Winans, of Baltimore, where the floors were perforated uniformly all 
over the room, as was done by Mr. Reed for the British House of Com- 
mons, thus making the floor a gigantic register or grating through 
which the incoming fresh air, having lieen previously warmed and 
moistened in mixing chandlers below, is to stream steadily upward at a 
uniform velocity sufficient to remove all the products of respiration or 
aatnistaon as rapidly as formed. It requires even more than this to 
secure the perfect comfort as regards temperature above alluded to; 
at tin- \\ ill lie explained when we sneak of the heating and ventilation 
of large assembly halls. The amount of air required to secure ibis yen- 
ilatton is very great. 

"The connection of the heating of a house with its ventilation is, of 
course, inseparable. Now, many persons will cheerfully expend from 
ifteen to twenty thousand dollars in building a house, putting from 
hree to five thousand dollars into ornamental stone work and cornices, 

who would mil dream of spending fr a thousand to fifteen hundred 

ollara for the necessary hot-water or low-pn iparatus to 

■ -.;!';'■ i •■■ i ln<i-i>iiglih and ■ ■■ d well 

entihited. 

•Dr. John B. HI' 
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*"The ventilation of a building is ordinarily accepted to be the 
removal of the foul air from within, and its replenishment with pure air 
from without. This is true as far as it goes ; but several other points, 
of hardly less importance, must also be taken into account. We must 
not only effect a change of air, but in our climate, and particularly in 
the winter, the requisite temperature must l)e imparted to it, and it 
must be moved through the building in such a manner that currents of 
all sorts shall be avoided as much as possible. 

" Our dwelling stands at the bottom of a sea of air twenty miles deep. 
We erect brick, stone, or wooden walls about us, and therefore we must 
find means to get so much of this ocean of air through the building as 
may be sufficient for our purpose. By opening windows, doors, or 
other apertures on opposite sides of our house, we can probably get a 
current of air through our building at certain points. Now, even if we 
could stand this in stormy or wintry weather, and by night and day, 
still it would not be ventilation, because there would be only a partial 
removal or change of the air. 

" Every particle and atom of air must go out, or, of course, the pro- 
cess is not perfect. Currents of air, however, through a building, even 
if they would change the air (which they certainly cannot do, be the 
process ever so ingeniously contrived), cannot be tolerated in this cold 
climate, especially in winter, which is the very time when we need 
the most ventilation. The whole body of air in each apartment must 
move together, and every local current necessary to its motion must 
be so guarded and concealed that no inconvenience can be felt by its 
inmates. 

" An old writer says : ' When men lived in homes of reeds, they had 
constitutions of oak ; when they live in houses of oak they have consti- 
tutions of reeds.' 

" Evidently the truth inculcated is that the better the air and the 
more bountiful its supply, the healthier is the inmate of a house, bj it a 
palace or a cottage. Too often the very wealth of a house builder 
militates against his splendid mansion becoming that ideal home of 
comfort that it should be, and the inmate of some wretched, leaky little 
hovel, perched on a rocky liillside, will have every advantage over such 
a one as regards vigor of body and elasticity of spirits. 

" Science tells us that there is a needed respiration for the walls of 
our houses, and that, fortunately for us, whether we are aware of it or 
not, the materials of which our modern houses are made admit of the 
passage of air in a greater or less degree. 

" Brick, stone, wood, and mortar, solid as they look to us, are easily 
pierced by that volatile fluid which we call air." 

• Henry Ruttan. . 
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■• It (toes ii"t matter for what purpose the place is used. It can 
be Ventilated, heated, or cooled, as eireumstanees may require, and 
that, too, with us much certainty as it can be supplied with water at 
gas. 

"Every water closet, urinal, wink, hath tub, and washbasin can be 
made i mean* of purifying Che air in the place of their location instead 
of fouling and polluting it, as unfortunately most of the necessary appli- 
ances do. Persona of wealth are often found fault with, because they 
do not have their houses and places of business in a first-rate sanitary 
condition. 

••An' they always to blame for that state of things? I think not. 
Many of them could tell, if they would, how hard they have tried, and 
how much they have spent of time and money, to have such a state of 
affairs brought about, but alas I the results have been far from satis- 
factory. Indeed, in many cases, disaster has resulted from their well- 
meanl efforts. Disease, and in many eases death, has followed ihc 
introduction of so-called modern improvements. Case after case might 
be cited to prove this statement. Some of the grandest homes ever 
planned have been desolated by the had work of empirics and the 
blundering stupidity of self-styled sanitary engineers. 

■■ Sen lis have been, and are even now allowed to belch their foul 
poisons into the homes of all sorts and conditions of men, and this, too, 
in despite of health officers and sanitary inspectors. It is dampness 
and a want of sanitary ventilation that make a bouse dangerous to live 
in, and a constant menace to health and life itself. Diphtheria anil 
Ulcerated sore throat, rheumatism, headache, dyspepsia, nervous affec- 
tions, and many forms of disease are caused by living in a confined, 
humid atmosphere. Such a state of affairs ought not to be ; they need 
not be. Every building can lie made healthful by proper ventilation. 

"No half-way measures nor make-shift devices will do. If we want a 
healthy atmosphere in our homes and places of business, we must make 
it by bringing in the purest and freshest air we can get, and by forcing 
out the fold and vitiated air as fast as it is generated. Keep the air 
moving into and out of your premises, — a constant interchange of the 
old for the new. — andyou will have mastered the first and laat prin- 
ciples of ventilation. 

•• 'I'll,- requirements in the way of pure air for three to six persons 
living in a house of from six to eight rooms are certain and well 
definable. They are not the same as for a large number of people in a 
more contracted space, and differently situated as to age and occupa- 
tion. It is clear that the adult requires more air than the half-grown, 
and they again require more than the child of from six to twelve years 
of age. See table No. 25, on pages 520, 522. 
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HUMIDITY OP THE AIR.* 

"The quantity of watery vajwr found in the air varies with the 
locality, temperature, and various local conditions, and is important 
from a sanitary point of view. The right proportion of moisture in the 
air constitutes one of the conditions of a healthy climate. In the heat- 
ing and ventilation of buildings, where the proper proportion of watery 
vapor is found not to be present, it may be supplied by artificial means. 

" A knowledge, therefore, of the proper conditions of humidity, as 
well as a knowledge of the means of supplying them when absent, is 
thus seen to be important. 

" The sanitary condition of the air, as influenced by humidity, has not 
received the attention that its importance demands ; yet enough has been 
done to enable us to estimate within limits fairly narrow. Dr. de 
Cliaumont, in some experiments in various rooms containing air of 
standard respiratory purity, found that the average humidity is 73 per 
cent of saturation. This, it must be remembered, was taken in Eng- 
land, where the climate is much more moist than that of America. 
Probably a humidity somewhat less would answer for our climate ; but 
in any case a given standard must be regarded as only provisional, 
changing with the temperature of the room at the time of testing. 63° 
Fahr. was the temperature used in the experiments of de Cliaumont. 

"Some observations have been made in this country by D. L. Hunt- 
ington, at the Barnes Hospital, Washington, and by Dr. Cowles at the 
Boston City Hospital. The results are as follows: ' First week in 
December, 1877: Average external temperature, 38j£°. Average 
temperature of the wards, from 71° to 76° Fahr. Average relative 
humidity, from 44 to 49 per cent of saturation ; of outer air, 74.' This, 
it will l>e noticed, shows a much lower per cent of moisture in the room 
than that given by the English standard ; yet it was claimed that, not- 
withstanding this small quantity, 4 a peculiar feeling of freshness and 
purity was perceived by those who entered the room.' 

" In rooms where the air is too dry, it may l>e moistened in winter by 
placing shallow vessels of water on stoves, on heating coils of steam or 
hot-water pipes, or in the hot-air ducts. In summer moistening by 
artificial means will seldom l>e required ; but when, on account of 
unusual dryness of the season, the conditions so require, it may be done 
by sprinkling the floor (not a very advisable method) or by ejecting 
cold water in sprays through a series of small holes. 

4fc There is a popular idea that air loses its moisture by heating. In 
fact, since moisture exists in the air, so far as known in the form of 
vapor and not mechanically suspended, the only way the air can lose 
moisture is by reduction of temperature to the dew point, and conse- 
quent deposition in the form of dew. 

• G. B. Morrison. 





The vapor that is present in the air is diffused throughout the whole 
space occupied, forming a distinct atmosphere from the other constitr 
uents, and having its own density and pressure. 

The capacity of air to retain vapor without condensation is, according 
to the experiments of Dal ton, proportional to the numbers 5.82, 7.94, 
ami 10.73 for the different temperatures of 60°, 70°, and 80° Fahr. 

When air contains 80 pel cent of the amount of moisture required to 
saturate it, it is said to be damp; 65 per cent, moderately dry ; 50 per 
cent, dry ; and 35 per cent, very dry. 

At different temperatures the percentage will vary ; air that is damp 
at 60°, or has 80 per cent of moisture, will, if heated to 80". ami no 
additional moisture absorbed, have only 80x5.82 divided by 10.73 
eejiuls 4-1 per cent, and will consequently abstract moisture from every- 
thing with which it comes in contact. 

Evaporation. — According to Dalton, the laws that govern the 
evaporation of water in atmospheric air are: — 

" 1st. The quantity evaporated is in direct proportion to the surface 
cx|M'sed, all other circumstances being alike. 

"2d. Any increase in the temperature of the liquid is attended with 
an increase in evaporation, not directly proportionate. 

'• 3d. Evaporation is greater where there is a stream of air, than where 
ihe aii is stagnant, and is greater the less the humidity previously exist 
big in the air." 

Assuming thai the mean temperature during the Winter months is 
about 30°, and that the inside temperature is maintained at 70", there 
will In.' required, according to the table of Dalton, 3.82 grains of water 
additional per cubic foot of air warmed from the outside to the inside 
temperatures, in order to restore the air to its average humidity. 

Where the air in a room is changed once every hour, rooms of aver- 
age size, 2,000 to o\000 cubic feet, require from 1 to 3 pints of water, 
I'vapenitcd every hour, in order to maintain theairat its mean humidity 
(ah. nit 75 per cent of saturation). 

The amount of water that a square foot of water surface will Bvapo- 
rah' lin iej-.es rapidly with its temperature. According to some experi- 
ments made by Tims. Box when the water is at 70°, 1 square foot of 
the exposed surface will evaporate 301 grains per hour m calm air, 
when the aii- lias the average winter humidity. 

Under similar conditions to those considered, hut with the water 
warmer. — say at 100°, 130°, and 160 8 Fahr.,— the evaporation will be 
respectively 1.097, 3,H>4, and 7.1>33 grains of water per square foot per 
hoar : requiring about 3.5, 1.2, and .5 square feet of water surface per 
1,000 cubic feel of space in the room. 
The follow big diagram and table illustrate other conditions, page 533. 
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•CARBONIC ACID NOT THE DANGEROUS ELEMENT. 

" It is evident, therefore, that carbonic acid gas, in the proportions 
in which we find it in the worst-ventilated rooms, is not in itself a 
dangerous impurity ; in fact, we have no evidence to show that in *uch 
proportion* it is even injurious. 

" What, then, is the importance of this gas in relation to questions of 
ventilation? And why do sanitarians lay so much stress upon the 
results of chemical tests of air with reference to this substance, and 
on what may seem very small variations in the proportions in which it 
is present? 

"It is because carbonic acid gas is usually found in very bad com- 
pany, and that variations in its amount, to the extent of three or four 
parts in ten thousand, indicate corresponding variations in the amount 
of those gases, vapors, and suspended particles which are really offen- 
sive and dangerous ; and, also, because we have tests by which we can, 
with comparative ease and certainty, determine the variations in the 
carbonic acid, while we have no such tests of recognized practical utility 
for the really dangerous impurities. 

44 As a matter of convenience, therefore, we measure the carbonic acid, 
and thus get a measure of the extent to which ventilation is being 
effected. Of course we must make sure that the circumstances of the 
case present nothing unusual, since, on the one hand, carbonic acid 
may be present in great excess, — as in a soda fountain charging-room,— 
without indicating great impurity ; and, on the other, it is possible that 
the air of a room may Iks very dangerous, from suspended organic 
particles, and yet have carl>onic acid present in merely normal amount 
This will appear more clearly when we come to consider the ventilation 
of hospitals for infectious diseases. The man who has a patent sanitary 
stove or an automatic ventilator will rarely find any disagreeable odor 
in a room fitted with his appliances. The carbonic-acid test of foul air 
depends on the fact that when, as a product of respiration, the propor- 
tion of carlwnic acid in a room increases from the normal amount of four 
parts in 10,000 to between six and seven parts in 10,000, a faint, musty, 
unpleasant odor is usually perceptible to any one entering from the fresh 
air. If the proportion reaches eight parts, the room is said to be close' 

"Whenever a man takes the ground that carbonic acid is the special 
impurity that is to be provided for, and asserts that, as it is heavier than 
ordinary air, therefore it sinks to the floor, he demonstrates that he is a 
person who may be a very estimable gentleman, but whose opinions 
about ventilation should be received with very great distrust." 

•Dr. John S. Billings. 
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UNRELIABILITY OF THE SMELL TEST AS A MEANS OF 
DETERMINING IMPURITIES.' 

"'Of the means/ says Dr. Lardner, 'of estimating physical effects, 
the most obvious, and those in which mankind place the strongest con- 
fidence, arc the senses. The eye, the ear, and the touch are appealed to 
by the whole world as the unerring witness of the presence or hIkcih -e, 
the qualities and degrees, of light and color, sound and heat; but these 
witnesses, when submitted to the scrutiny of reason, and cross-examined, 
so to speak, become involved in inextricable confusion and contradiction, 
and speedily stand self-convicted of palpable falsehood. Not only are 
our organs of sensation not the best witnesses to which we can appeal 
for exact information as to the qualities of the objects which surround 
us, but they are the most fallible guides that could be selected. Not 
only do they fail in declaring the qualities or degrees of the physical 
principles to which they are by nature severally adapted, but they often 
inform us of the presence of a quality which is absent, and of the 
absence of a quality which is present.* 

" The organs of sense were never designed by nature as instruments 
of scientirie inquiry; and, had they been so constituted, they would prob- 
ably have been unfit for the ordinary purposes of life. It is well observed 
by Locke 'that an eye adapted to discover the intimate constitution of the 
atoms which form the hands of a clock might be, from the very nature 
of its mechanism, incapable of informing its owner of the hour indicated 
by the same hand.' 

" Of all the organs of sense, that whose nervous mechanism seems to 
be most easily deadened by excessive action is that of smelling. The 
most delightful odors can be enjoyed only occasionally and for short 
intervals. The scent of the rose, or the still more delicate odor of the 
magnolia, can he but fleeting pleasures, and are destined for only 
occasional enjoyment. Ho who lives in a garden cannot sinell a rose, 
and the wood-cutter in the southern forests is insensible to the odor of 
the magnolia. 

" Persona who indulge in the use of artificial scents soon cease to l>e 
conscious of their presence, and one can only stimulate their jaded 
organs by continually changing the objects of their enjoyment. 

" But every day's experience must convince the most careless ob- 
server how little dependence can be placed on the sense of smell. We 
move into a new tenement, for instance, and we are at once sensible of 
a difference of smell; but in a very few days we become accustomed 
and entirely insensible to it. We walk into a different apartment of 
the same building, "' ' IDS our own, and we are distinctly sensible 

of a peculiarity of ■'< passes away if we remain in the room. 



" We ootioe the loathing with which ■ person enters 
priaona ; in * few days he mmm to complain. Pan from the pure 
into an un ventilated bedroom which has been occupied the night 

vioua hy a lodger, and \ mi .it ■<■ lim 

Mm. I. : \ trt the parson who occupied it was unable to detect anything of 
the sort. It ia just so in the case of badly ventilated b 

inmates w i i become aoouat ed bo the tool six they are mtitBraauy 

1>i >-.ii Liiilt. tlmt it is an almost hopeleae Ui.sk to convince him that it is 
anything but the moot pure. In ■hart, inch is the uncertainty of our 
organs, that, delicate and refined as they may be, if our health depended 
solely upon their Indications, they would be worse than useless to the 
human family. 

" It is indeed wisely ordered that OUT organs of sense should be con- 
stituted for active and practical use, rather than thai they should, k 
the delicacy or groissness "f their sensation, render us miserable; and it 
is especially bo with the eye. It bae been already observed that the 
eye which was capable of disi-ovcriiig the atoms of which the band-; of 
a clock were made, would fail to inform of the hour indicated by the 
Dame hand. It may be added that a pair of telescopic eyes, which wocld 
discover the molecules and population of a distant planet, would il) 
requite the spectator for the loss of that rude power of radon 
to guide his steps through the city lie inhabits, and to recognize the 
friends who surround him. 

" But although no dependence can be placed upon our senses as to 
what may be good or evil, useful or injurious, yet man is endowed with 
a mind, and a capacity to investigate scientili>'a-lly all subjects connected 
with his physical existence ; and this he is its much bound to do ;i> he 
is to investigate those laws which arc placed before us as a guide in our 
moral existence. 

"If, therefore, by ordinary observation, we cannot see the contamina- 
tions of the air we breathe, or detect its fetid odor, this is no more I 
reason why we should set at defiance, all experience, both personal Had 
scientific, than il would lie for a man who would Bwallov a poisoned 
drug merely because lie could perceive no difference, either in coloro' 
substance, between it and a cup of tea. 

"With these facts before us, establishing most clearly the fallibility 
of our senses and their liability to lead us astray, it obviously beOOnW 
necessary for us to go to some other source for reliable knowledge in 
relation to the subject at hand." 
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TESTING SYSTEMS OF VENTILATION AND HEATING. 

The actual efficiency of any system of ventilation and heating cannot 
1 ascertained by a mere casual inspection, hut only by careful, intelli- 
gent, and extensive experiment, and the use of special instruments 
designed for such investigations. 

Among the most important are those here represented. (Plate 47.) 

Good thermometers of the usual construction are generally suili- 
oientiy accurate fur observing the ordinary temperature of the air; hut, 
for noting the temperature of steam or water, the form shown in figure 
No. 1. is very convenient and reliahle. The thermometer tube is 
enclosed in a circular brass case, the lower end of which is provided 
with a screw of standard size and thread, hy means of which it may he 
securely inserted in any pipe. The tube projects well down below the 
threaded portion, and is guarded by a small pipe attached to the bottom 
of the case. The graduations may be made to read to any requirement 
Those for a closed-water apparatus are generally graded from 100" 
to 300°. 

The volume of air flowing through a given passage can be ascertained 
f finding the velocity of flow, by meaus of an anemometer, and multi- 
plying this by the area of the cross section of the passage. Figure 2 
represents the most approved form of the instrument. The number of 
feet traversed hy the air is shown upon a series of dials. Noting by 
means of a watch the number of feet traversed in any given time by 
ir, the velocity per unit of time may be obtained. 

A much simpler form, although decidedly larger, is shown in figure 
3 for indicating very Blow currents, ft is very light and carefully 
balanced, and will render apparent currents which are otherwise 
imperceptible. 

The preintre of the air or the vacuum in any enclosed space is readily 
indicated by the air prewntre gauge in the form constructed for the 
*ade by li. F. Sturtevant, and shown in the following plate, figure 4. 

The rubber tube is connected with the space, and the pressure or lack 
.if preaaore in this space causes the water to fall or rise according 
which condition exists. The bulb is filled with water, and, being 
i considerable size, a change of level in the tube has practically no 
effect on the level of the bulb, and consequently a constant head is 
maintained. The tube is graduated to quarter inches, which may lie 
readily reduced to ounces, when it is known that a column of water 
2o\t)72 inches in height will give a pressure of one pound to the square 
inch, or a column of water 1.67 inches high equals 1 ounce. 

ix j 
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THE AMOUNT OF AIR REQUIRED.' 

|"N attempting any answer to this question, made up, as seen, of so 
many separate ami variable issues, it may l>e stated that the author 

" offers no original data of his own, or solution other than tliat 
drawn from the combined statements, testimony, or experiences of 
specialists who have, with more or less ability, investigated the subject. 

While there is some difference in opinion as to the amount of air 
that ought to be admitted to any room or space to secure a sufficient 
dilution of impurities constantly accumulating, there is general agree- 
ment that total and continuous change of all the air is desirable for 
comfort, and necessary on tlie score of health. We may briefly refer to 
some of the best and well known writers on ventilation, and in doing so 
examine the conceded requirements for general and healthy conditions. 

We have seen that there are many writers that estimate the amount 
of air required for different individuals, sexes, ages, and conditions at 
■£& hum/red to twelve hundred cubic feet per hour, while others stop 
nut short of fifteen hundred to three thouennd. Confining this estimate 
now to school buildings, we may notice that the difference is a matter 
of 100 per cent. 

Taking the case of existing buildings, and where no special or proper 
provision has been made for ventilation, we may conclude at once that 
Uie heating apparatus which is only sufficient to keep those buildings 
from freezing up will not avail for the large additions of duty which 
efficient ventilation demands. 

In other words, many writers pass at once from a state of no regular 
or visible supply to that of the largest which talent or mouei could 
command. This passage from the most extreme poverty 
wealth and lavislmess in the matter of a pure air si 1 
from one point of view, is also liable to delay, if not 
desired reform. 

•See ji«£B5M. 
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THE WARMINQ AND VENTILATION OF SCHOOL. BUILDING: 

* ■• Tlic sehaolbonses throughout the United Suites, while they 
elegant, tasteful, and costly. are in the main deficient in their sanii 
requirement of warming Mid ventihii'ni. Whoever maybe disposed 
to doubt the truth of this statement 1ms but i" \ kit tbe nemvst sehao L 
bonis. Probably in nine tenths of kfl th> ■ohaoIhoBaoa to thai coanfayi 

rmtilal has been ignored altogether, Leaving thai important fonctMn 

to be performed by the doors and windows. But mu til a t ion thmihl fn 
,,ri. r ,,./. „t .7 ,/.,.,-.. md ii-;,i,i.„r*, winch an primarily intended fur 

Other purposes. Iluir man y school- rooms in the laud could maintains 
school with doom and windows made air-tight? Probably wry fc»r. 

Ii is ;i sad travesty on QUI school a Fchi lecture that we owe oOr lives to 
(In' mistakes of carpentry, which mistakes are usually sufficiently ample 
to supply in a erode, unwholesome way the deficiencies of ventilation, 

" The careful teacher, instructed in anatomy, physiology, and hygiene, 
as required by our legislators, recognizes the necessity of pure air, and 
vcmilnii-s by raising the windows, or lowering them at the top, the 
popular fancy being that bad air ascends. Thtu h/jurioiut drmiifldi an 
mated, ami, by shooting a Istttr tvU, taertyo$t t/u- feu- rhildr/n mh 
sit near for the hem-fit nf tin- man if in dUtant and mure sheltered parti 
uf the mum. If any one unconversant with the subject doabtl tin? 
assertion that, as a rule, schnul-rooms are not well ventilated. L ■;. liiui 
spend one day in school visitation ; he will find then abundant sndeDoa 
It will not lie necessary to use instruments of precision, or make 
chemical analyses to calculate to a nicety tbe amount of ■ :■ 
substances in each cubic foot of air ; on the contrary, his sense of smell 
will at once want him of the danger if he remains long in the con- 
taminated atmosphere. 

" The want of sufficient and definite information regarding the 
ventilation of schoolhouses is not peculiar to any locality ; it is wMa 
spread and general. Even the District of Columbia, wbiofa is under the 
direct control of tho Centra] Government, experiences the embarass- 
ments which this all important but vexed problem present*. By a 
resolution of the House of Representatives, dated Feb. 80, 188! 
commission was appointed for the purpose of investigating 
school buildings of the District of Columbia. Th, 
a sanitary point of view, in all these building*, is in regard to the 
air supply, which is entirely insufficient." 

This report has not been quoted from to show the best tliat haa 
been done in schoolhouse ventilation, but rather what may lie considered 
a fair representation of the average state of affairs. 

•Gilbert II. Motrin™, ■■ Ventilation uf School Building*," 1(187. 1). Appleton A 
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" Direct experiment, no less tlian the direct evidence of the senses, 
prove that the air in our schoolrooms is impure in almost, all cases, and 
in the majority of them to a degree far beyond the danger Hue. 

" In view of these facts, and the results, as proved by the authorities 
above cited, why is it regarded by the public with such indifference? 
When a schoolhouse is blown down by a hurricane, killing and maiming 
a score of children, it is justly regarded as a great calamity ; i vacation 
is given to quiet the excited fears of parents and children; invsii- 
gating committees are appointed to locate the responsibility, and the 
faces of the whole populace are blanched with apprehension. 

"Why dues the intelligent parent send his child to a schoolroom 
pnmlv ventilated and crowded with children, some of whom are breath- 
ing into a stagnant air the germs of disease and death, while others, 
from unwashed bodies, are delivering into it their deadly emanations, 
and all without a protest on the part of those even who provide proper 
hygienic conditions at home? It is because the effects of one are 
immediate, occupy little time, the number killed can be actually 
counted, and the exact magnitude of the calamity be estimated all at 
OB06* In the other case the process is slower, but of far greater 
extent: the actual results are by the general public less detinitely 
known, and custom and attention to other matters divert the attention, 
and the deadly destruction of the innocents by impure air goes on 
silently, constantly, and powerfully. 

"While noisy demonstrations like that of the cyclone attract atten- 
tion, and inspire fear and terror, it is in the silent forces thai the 
danger lies. Nature's most destructive forces, as well as her strongest 
constructive ones, are silent in their operations; but, when Science 
• IriiTis a silent, insidious enemy to human welfare, it is not only our 
duty \« assume an attitude of self-de fence ami self-protection, "bat it 
should be regarded as folly not to do so. Could tiie real effects of 
lireathing impure air be realized by the public, and the actual amount 
that ta really breathed lie definitely known, such a knowledge would 
constitute a most powerful stimulus toward solving the problem of 
ventilation, as well as create a disjiosition to provide the means 

ii near] thereto, 

" 'The condensed air of a crowded room,' says one of our first chem- 
ists, 'gives a deposit, which, if allowed to remain a few days, forma a 
solid, thick, and glutinous mass, having a strong odor of animal matter.' 
"Dr. lliller. Secretary of the Metropolitan Medical Association^ 
says: -In consequence of the bad construct ion and bad ventilation of 
the schoolhouses aliout London, seven thousand children, between the 
agea of live and fifteen years, annually lose their lives from tin 
causes alone.' " 
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* a Every observing teacher knows the immediate relation between the 
vitiated air in the schoolroom and the work he wishes the pupils to per- 
form. Much of the disappointment of poor lessons and the tendency 
to disorder are due directly to that cause. The brain unsupplied with a 
proper amount of pure blood refuses to act, and the will is jiowerless to 
arouse the flagging energies ; the general feeling of discomfort, dissatis- 
faction, and unrest, which always accompanies a bad state of the blood, 
breeds most of the schoolroom squabbles, antagonism, and misunder- 
standing, and dislike which are wont to occur between teacher and 
pupil. The pupil, apparently at variance with his teacher, is really at 
war with his own feelings, caused by an impure and stagnated condition 
of the blood. The teacher, who sometimes thinks the pupils are all 
conspiring against him, and who with dizzy and clouded brain says the 
wrong thing at the wrong time, is really struggling with the poison, 
which, on account of his long seclusion from the cheerful air, has taken 
possession of him. Teachers observe how much more satisfactory is the 
work of the first hour of the day than that of any subsequent hour; 
this is not because of any weariness of the pupils ; it is because they 
are made stupid and obtuse, and the teachers made uneasy and fretful, 
by the accumulating poisons from skin and lungs. 

" From an economical standpoint it would, of course, be impossible 
to estimate the financial waste of breathing impure air, but it cannot 
but be enormous. In a comfortable atmosphere of proper temperature 
and purity as much mental labor can be accomplished in one hour as 
can l)e accomplished in six in an atmosphere rendered impure by respi- 
ration. This is, of course, but a random estimate ; but I am quite sure 
that wluitever of error it contains is on the side of underestimating the 
deteriorating influences of impure air, rather than of overestimating tie 
value of pure air. If, then, we suppose j>erfect ventilation possible, 
and that this estimate is not overdrawn, the conclusion follows that in 
those schoolrooms where ventilation is imperfect, and the air impure, 
six tenths of the money expended to educate a child is wasted. Doubt- 
less this will appear to some as an exaggerated statement ; but if we 
accept the premises the conclusion is inevitable. 

"This conclusion supposes that perfect ventilation costs no more 
than imperfect or no ventilation ; while this is not strictly true, the 
difference is insignificant when compared with the loss we are consid- 
ering. In any discussion of the feasibility of incurring the additional 
expense of the most perfect ventilation, the loss occasioned by the want 
of such ventilation must not be ignored. 

" The fact that good ventilation is expensive is not so well recognized 
as it should be, as much of our literature on the subject is furnished by 
English authors who write with reference to the climate of England.'' 

^ •Gilbert B. Morrison. J* 
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""The tender, sensitive child, that sits and reads, and learns his 
lesson, and stupefies, and pines, and droops, and maybe lias scarce a 
smile to expect when Ida task is done, yields day by day to his atmos- 
pheric foes. Day by day, and as lie loses the first start in life, his lungs 
play less freely, his blood circulates more slowly, his cheat contracts 
and his limbs pine away, his digestion is disordered, and before long be 
is delivered over to the tender care of the man who gallops in every 
other day, tends whole bales of pills and draughts, and soon settles 
either the life or constitution of bis unfortunate patient. 

" It is needless to urge that danger to the health and life of the child is 
so remote and trifling as to be unworthy of consideration. The reverse 
is the case. Instances are constantly occurring in winch the seeds of 
disease are gathered in the close and polluted air of the schoolroom to 
ripen into premature decay and an early death. Many parents can call to 
mind the frequent complaints of their children who have returned from 
schoolrooms, feverish and pale, laboring under a depression of spirits 
and lassitude of body. A passing emotion of compassion may have 
attributed their appearance to confinement and study, neither of which is 
productive of evil effects, unless accompanied by an atmosphere rank 
with impurity, habits opposed to cleanliness and health, and a loss of 
comfort and necessary recreation. 

"In a schoolroom with no means of ventilation, and containing from 
fifty to one hundred scholars, the air breathed by each different pair of 
lungs loses its vital properties, and becomes loaded with the impurities 
and infections thrown off from numerous systems. To contend that 
there la in this no danger to health of the child, is folly. The temporary 
symptoms of suffering may disappear with the habit which occasioned 
them ; but the tendencies of disease linger in the system, awaiting some 
predisposing cause to develop their active strength and hurry their 
victim to an untimely grave. 

" These statements are no exaggeration of the evil, for exaggeration 
is impossible. Still the evil is allowed to exist, because its first mani- 
festations are not in a form that appalls and terrifies. Its approach is 
slow and insidious; the operation proceeds in secret At length, the 
frame, racked with pain, a mind debilitated, unbalanced or diseased, 
powers of usefulness or enjoyment destroyed, are the fatal results of a 
few years spent in a crowded and heated schoolroom. For all these 
consequences the prevention is of the simplest character. The most 
ordinary mechanical contrivance will secure pure air * ■ ' "''ild and 
happiness to the man. 

'• That it a couth/ economy which narrijiivs svun 
the danger of dixeate to nave a trifling i 

•Henry Ruttan. 
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SANITARY CONDITION OF SCHOOLHOUSES. 

ltoAHti of Health, 12 Deacon Strket, Bostos, Oct. 10, 1880, 

To THE IIoKoiiaiiLK City OOQTOL, — 

"Gtnftrmrn: In response lu ill! older of the City Council, received June 10. 
requesting the Board of Health tu ftTWrilWI the schoolhouses of tin- city and report 
ili.ii s.iniiLiij' condition, wo beg to present the following statement and recommenda- 
tions, :i copy of which him been sent to the press : — 

" The principal part of the- work was dune during the last few days, before the 
closing of the schools in June, hut the number of pupils in each building was not 
obtained before the teachers had left the city for their vacations. This information 
was received only since the return of the teachers in September. Otherwise this 
report would hare licen made in June. 

"We hare examined KU school lu-uscs with the following results: Defective 
drainage waa found in 35, want of traps in 7, offensive privy vaults in 51, offensive 
urinals in 41), offensive imd defective cesspools in IB, offensive water closets in 6, 
defective rain conductors in 4. 

" The ventilation of the huildinga, the condition of the cellars, and the surrounding 
air-space* were carefully examined and called for special remark. Fifty-seven of 
the cellars were dart, mutt;/, or damp ; 4o of the houses could properly lie criticised 
as having too little yard-room, or air space, surrounding them, while some are 
closely hemmed in by high buildings nr l>y nbjocti nimble trades. 

" Of the 163 liou'r* tJiiiHinrd, 146 ure tnlthmit any modern or ejflciotf meant qfr^Mtila- 
fi'on, beiiiy depended Upon the old-fashioned »h<tft» hi the wall, (tided here and thert by 
/•infill :ip' rttirei thraiiy/i Hie extrrnul mull*. ntlnf v-l,irh l>fo«/MHefe (w raii d 

" In 11 of the school houses the extraction of the foul air has been more or less 
promoted by the aid of beat applied to the outlet shafts, to inerense tin 
air, and in 6 attm the mhm o'iJiH An* li«n soup At and more or (cm ejftcttd by the me 
of exkawtfau* In tht tops of the btiitdinyu. 

" It would W mueh better if all privy accommodation! were removed from the cel- 
lars to an adjoining apartment, where ventilation and such use of water or heat for 
the disposal of excreta could he used as may ho found most healthful and economi- 
cal by expert calculation. A dry and light cellar would be largely promoted by this 
step, and what is now a possible danger would be altogether avoided. 

" The question of yard-room and the surroundings of the schoolhoo.se* is an impor- 
tant one, and should be carefully considered in giving the necessary sunlight and 
Iresh-alr currents about the building. 

" The targe number of pupils in each building and the lack of means for extracting 
the foul air baro claimed the most attention, and constitute the greatest sanitary 
evil connected with our Bchools. 

" In our recent examination, we find by measurement that the average number of 
cubic feet of space given to each pupil, in 163 houses examined, is as follows : — 

Reckoned hy the number of seals 

Reckoned by the res 1 ' 1 *™ 1 pupils ranUr f«l 

Reckoned by the average sttendsnee JK cubic fMt 

Ten of the best gave an average as follows : — 

Reckoned by the numliernf eesU tat coble feel 

Reckoned by the number at registered pupil*. --- .MleDhle fret 

Reckoned by the number of average sttendsnee aWCBtdcRet 

Ten of the poorest gave an average as follows : — 

Reckoned by the number of •est* SO cable feet 

Reckoned by the iiTimt-er of registered pupils Wcuhio feel 

Reckoned by the number of avenge sttendsnee in cable feet 

" These measurements were made by 12 inspectors, and, while there may bo slight 
errors in individual cases, they may be regarded as too small materially U> affect the 
averages given," 
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" In 1874 we caused to be made a chemical analysis of the atmosphere of every room 
in 10 schoolhouses. The selection of the houses and the methods pursued were 
such as to give a fair average of the condition of the air in all of the schoolhouses of 
the city, without needlessly extending the expense. The result of this examination 
showed that in only one room of the 111 rooms examined was the impurity as low as 
5.7 volumes or carbonic acid gas to 10,000 volumes of air, and from this it ranged as 
high as SO volumes to the 10,000. The rooms of the best bouse averaged 8.3 volumes 
to 10,000, and those of the poorest one 18 volumes to 10,000, The majority of the 
sehoolbouses remain unaltered. Having ascertained the actual condition of the air 
in Uio average schoolroom, are we justified in saying that such an atmosphere is 
unwholesome and produces mental and physical lassitude in the children? 

'• An excess of carbonic acid gas in the air is regarded by authorities as indicating 
an excess of other impurities, and lias been adopted as a standard measure in testing 
the parity of the air. The normal atmosphere contains about 4 volumes of carbonic 
acid gas in each 10,000 volumes of air; and, when the amount of carbonic acid exceeds 
7 volumes in 10,000, the air becomes perceptibly vitiated, and cannot he regarded as 
suitable for respiration. 



" We have found by 
he average schoolroom, with 
eats are filled, 202 cubic feet. 



that the average air-space allotted to each pupil in 
average attendance, is 2(17 cubic feet, and when the 



'• Now, if 3.000 cubic feet are needed for each pupil per hour, the amount given to 
start with will last from four to five minutes, and to be kept fresh must he changed 
from 12 to 15 times each hour. This is impracticable. In the poorer houses, or 
those in which the smaller spaces are given, the change of air by the same rule would 
need to be made about 30 times per hour. 

"We have considered the amount of air supply found necessary for the best 
resulis. Two thousand cubic feet per hour would be a compromise, and not an unrea- 
sonable amount to ask for. Can this be done, and how ? 

" The practicability of ventilating schoolhouses admits of no doubt. It is as niuc'i a 
mall- r •■/ exact knowledge as any other question in mathematics or engineering. The ' 
air should be introduced into the room at a proper temperature, wtU distributed to the 
cliitilrru, anil rnmirrd sufficiently alien to pmreu t f-iuliuxg and without producing uncom- 
fortable draughts. This can be done only with the aid of power, and may be accom- 
plished by heated shafts or fans. The air may be propelled into the room and escape by 
properly arranged outlets, or the foul air maty be extracted from the room having prop- 
erly arranged inlets for the fresh air, preference being given to the latter method. All 
dependence upon natural ventilation should be abandoned as delusive and untrustworthy, 
and the simple t/uettion of expense, for the use. of the necessary power to move the air, be 
recognized and met without further delay. 

"The Board of Health would respectfully recommend that II is Honor, the Mayor, he 
authorized to appoint a board of three BSnitary experts, who shall consider and 
report to your honorable body, within six months from their appointment, the best 
method and speciiications for ventilating our schoolhouses, and of disposing of the 
excreta therefrom; and that for such services the experts be paid a liberal eompen- 



Respectfully submitted, for the Hoard of Health. 



Referred to the Committee on Schools juii 
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DEPARTMENT OF INSPECTION OF FACTORIES, WORKSHOPS, 

AND PUBLIC BUILDINGS. 

Office, Commonwealth Building. 

Boston, March 26, 1888 
To whom it may concern: 

CHAP. 140. 



In the year One Thousand Eight Hundred and Eighty-eight 



AN ACT 

To Cause Proper Sanitary Provisions and Proper Ventilation 

in Public Buildings and Schoolhouses. 

Be it enacted by the Senate and House of Representatives in General Court assembled, 
and by the authority of the same, as follows : — 

Section 1. Every public building and every schoolhouse shall be kept in a cleanly 
state and free from effluvia arising from any drain, privy, or other nuisance, and 
shall be provided with a sufficient number of proper water-closets, earth-closets or 
privies for the reasonable use of the persons admitted to such public building, or of 
the pupils attending such schoolhouse. 

Sect. 2. Every public building and every schoolhouse shall be ventilated in such 
a proper manner that the air shall not become so exhausted as to be injurious to the 
health of the persons present therein. The provisions of this section and the preced- 
ing section shall be enforced by the inspection department of the district police force. 

Sect. 3. Whenever it shall appear to an inspector of factories and public buildings 
that further or different sanitary provisions or means of ventilation are required in 
any public building or schoolhouse in order to conform to the requirements of this 
act, and that the same can be provided without incurring unreasonable expense, such 
inspector may issue a written order to the proper person or authority, directing such 
sanitary provisions or means of ventilation to be provided, and they shall thereupon 
be provided in accordance with such order by the public authority, corporation or 
person having charge of, owning or leasing such public building or schoolhouse. 

Sect. 4. Any school committee, public officer, corporation or person neglecting 
for four weeks after the receipt of an order from an inspector, as provided in the 
preceding section, to provide the sanitary provisions or means of ventilation required 
thereby shall be punished by line not exceeding one hundred dollars. 

Sect. 5. The expression "public building'' used in this act means any building 
or premises used as a place of public entertainment, instruction, resort or assemblage. 
The expression " schoolhouse" means any building or premises in which public or 
private instruction is afforded to not less than ten pupils at one time. 

Sect. rt. This act shall take effect upon its passage. 

Approved March 20, 1SSS. 

RUFUS R. WADE, 

Chief Inspector of Public Building*. 
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""It would seem (liiit there could Ik- iiu misapprehension as to 1 lie scope of this ant 
nor the exact infinitum of its several sections. A public building or schnolhonse may 
not lie in eucIi a filthy or unwholesome condition as to call for the interference of the 
lion ril of Health; yet its vcntilatiuii may he radically hail, its drains and privies 
defective or foul, and its air laden with vile effluvia injurious to the health of the 
persons present therein. 

" That such evils have long existed, will not he denied by any one conversant with 
the facts. Public-school teachers have made frequent complaints of defective 
drainage of sehoolhouscs ami offensive odors arising from privies, which are plaeeil 
in most cases near the buildings, and in other cases in the basement or cellar. The 
vile stenches arising therefrom are complained of, hut not always is the remedy 
applied. Some makeshift is relied on to get rid of the complaint It would shock 
and disgust parents to know what crude and defective arrangements for sanitary 
purpose* are maintained in certain school houses, where the ignorance or indifference 
of janitors and others in charge imperils health and life. 

" It will be observed that section 1 declares that every public building and school- 
houses shall be kept in a cleanly state and clear of any effluvia arising from any 
drain, privy, or other nuisance, etc. That there are such buildings infected with 
such vile odors, which are offensive to the senses, if not immediately destructive to 
the health, we know from actual observation. 

"' Krom the foregoing we have felt justified in proceeding upon the assumption that 
the supply of fresh air to. and the removal of foul air from, our schoolhouses should 
not be loss than three thousand cubic feet per hour. 

"The wisdom of the act and the importance of its enforcement are made apparent 
from our investigation, which reveals a general deficiency in the matter of space 
allowed for scholars, and the provisions for a fresh and foul air removal in the school- 
houses of the State. From the reports of the inspectors I fail to lind the standard 
reached even in the best-ventilated buildings of the city of Boston. And hi a large 
number of the older building* (especially those occupied by the primary department 
of the school), the, dellciency is startling, the condition of the air being such that no 
test is required to prove its unfitness for respiration, and danger to the teacher and 
pupil occupying the building. In many buildings we find no provision even for fresh- 
air supply, and in others the supply is through the cold-air boxes leading to fur- 
naces, where, as a rule, they are entirely inadequate and not un frequently are par- 
tially or entirely closed, fri the tiaas of buildings lieuted by steam, by what we call the 
indirect system, wejtnd the brut provision for air supply ; but even that, with scarcely 
any exception, comes far short of the standard adopted, and the supply for the dif- 
ferent rooms is irregular, and materially affected by the condition and temperature 
of the wind outside. 

A very general and almost universal deficiency is in the size of the fresh and foul 
air flues, which are found so small as to require a very great velocity in order to 
accomplish the necessary work. To illustrate, it is rarely that we find more than two 

ipply pipes in a room, and these are not over fourteen inches in diameter. To get 
mt of air required for fifty-six pupils through these pipes would call for a 

slocity of 1,30ft feet per minute, which is not obtained. The same deficiency exists 

the foul-air Hues, and it is not infrequently the case that the inspectors have found 

movement of air whatever in these ilues. In the annex to the Putnam School, 

ib ridge, built in 1861, it was found that the ventilating flues wero fl inches x 2i 

inches, or 120 square inches; that the velocity of the air was only 130 feet per 

minute. The sizit of the room was 31 feet (1 inches x U8 feet x 12 feet; the number of 

Hilars 50, pirin;/ bat. t% cubic, feet of air per minute to each scholar, against SO ruWc 

'eet per tninute that thouUi In ■jir.it them." 
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VIEWS OF DIFFERENT INSPECTORS OF MASS. DISTRICT POLICE. 
REPORT OF 1B86. 

Insjiertor Coon reports: "During the present year I have made examinatii'Ti 
of many public buildings iu my district, more particularly those occupied as school- 
bouses, and to my astonishment have found results little anticipated. One would 
suppose that in the present age such a thing as bad sanitation abont a sboolhouse, 
'owned and supported by patslla taxation, under the control of looal authorities, 
whose duty It is to sec tliiit proper safeguards are thrown about our children,' would 
not be tolerated; but the fact is, it does exist, and many of the schoolhou es and 
their surroundings are found iu aji extremely bad condition. 

"Tho public should know of the nnhoalth fulness and discomfort of the buildisf 
wherein their children spend so many hours of their lives, and the errors and faulls 
in buildings, and their sanitary const ruction, owing to the unconcern of those la 
char t o in matters of such vital llllJ.MII llsWWI ; the neglect of incompetent janitor*, who 
seem to be under no obligation, ' in the care of the building,' to master, teacher, or 
pupil, hut hold a lordly sway, especially when in charge of a building whose teachers 
are females. The janitor who oares best for bid building, and keeps it in a clean sod 
healthy conditiou, is the one who will consult the interest of the teachers mil 
endeavor to plca*o them, and will discharge his duty in an acceptable manner." 

Inspector Broirn reports: "In every schoolroom that I have thus far inspected, 
most of the ventilation Is obtained by opening doors and windows, the ventilating 
shafte being too small to lie of much benefit; and the janitors are, as a rule, a further 
hindrance to ventilation, as I usually find the air inlets in the basement entirely 
closed, sometimes a email part open, and at times taking the air only from the base- 
ment, instead of the pure air from outside the building. This rrntitat inn of seioot 
room* I (onrttltT of the most rilal Importance, and the great leant of eenf Hating arranjf- 
ments cannot be too stromjlg deplored." 

Inspector Dyson rcportt : "Sanitary and ventilation experts and others differ, but 
almost all agree that the air in a schoolroom should be changed eeerji Jiflr- ■ MMfafj 
and that there should be supplied no less than fifty cubic feet of fresh air per minoM 
for each scholar, tat provide proper ventilation. With these f.ict*. and knowing that 
a large majority of our sehoolliouses hare no system of rrntilation at all, many of 
them with indicated ventilating Hues with openings in the ceiling or near the top el 
the room, are more likely to give a downward than an upward draught. Even tin- 
modern houses, provided with what is called the best system of ventilation, rarely 
provide more than ten cubic feet of fresh air per scholar, and / hint j\nmd but ™r 
room that gate tieelie cubic feet per minufp. The qvrstiun aritrn tehm 
uhat sy stera to adopt." 

Inspector IM&Ur report*: "The sehoolliouses in my district are provided with 
some means by which it was intended proper ventilation should bo had in each room 
in the building. The method in most common use is by means of one or more small 
lines in each room (from which there is an opening into the room) leading to the 
attic. The bad air from the schoolrooms is conducted to the attic, through these 
tlues, from whence there is no escape for it except through cracks in the roof or walls 
of the building, and as a consequence it is returned to the rooms again by other lines. 
In other eases the ventilating [lues connect with a brick chimney built for the pur- 
pose; and in some cases the chimneys which furnish draught fur the furnaces at* of 
iron, and are enclosed in the ventilating chimney, lint in eerry rase the ventilation 
is insufficient, and the lelndoies hare to be resorted to to Supply the deficiency; more 
especially Is thin the ease irhere the building it heated entirely by direct steam radiator:" 

Inspector Cltadwiclc report> : "As to the question of ventilation and the sanitary 
condition of sclioolhousvs. we ilnd in many a lamentable lack of favorable conditions; 
more so in the sehoolliouses than in the workshops and factories; often a room 
arranged for 60 to 70 pupils has an allowance of only 100 cubic feet of air space for 
each pupil, and depending almost en I iiely upon the windows for air." 
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Spxcial Examtus. 
GASTON SCHOOL BUILDING, SOUTH BOSTON.* 

This building is heated bg steam, indirect radiation. Tbe arrangement for fresh-air 
supply to the coils is very good. Openings in brickwork to coils might le enlarged 
to good advantage, to allow a larger volume of air to pass. On the day of my visit 
only DM lioik'r was in use in the building, so could get no f.iir test of fresh-air supply. 
Four loul-iiir stacks are provided in the building, about 4 feet x 5 feet 4 inches, each 
having steam coils near the top above all due inlets. These stacks are connected in 
ittic of the building with galvanized iron pipes, 3 feet in diameter, to ventilators 
on the roof. Only one stack bad steam on it at tbe time ot my visit. The velocity 
of tbe foul air out through these 36-i-cfa pipes was 420, 410, and 300 feet per minute, 
respectively, making a total discharge from the building through the foul-air shafts 
of 709,360 cubic feet per hour. In colder weather, with all steam on, the results 
would doubtless le materially improved. This building will accommodate about 
794 pupils. 

•' A provision o/3,000 titbit feet of air per pupil per hour would call/or an air movement 
■ •J' r*i?W/Hm r <<bit feet per hour. Each pupil reeeires 15^, eubie/eet of air per minute, in 
place o/ 60 etioie feel thai taeh t)iould reeeire. Thia it considered one of the bests-venti- 
lated school buildings in the City of Bolton." 

CARTER SCHOOL BUILDING. CHELSEA. 
•' This l-itil-liii'j is Healed by furnace* ; scarcely any fire in them; conditions not favor- 
able for taking fresh-air supply. All that is provided, cjc ept by opening a/ (Ae win- 
dow*, comes through the cold -air boxes to furnaces, which are entirely inadequate. 
Foul-air flues and registers entirely too small, the registers being 8 inches x 10 inches, 
and HI inches x 14 inches in rooms provided for 50 pupils. Found average discharge 
cif foul air through registers in lower rooms to lie 6,300 per hour each; second floor, 
7,950 cubic feet per hour each room; third floor, 7,^180 cubic feet per hour each room; 
fourth floor, S,520 cubic feet per h iur each, making a t jtal of about 103, oGO cubic 
feet per hour. 

"A provision of .1,000 cubic feet per hour per pupil f/ir ~^l pupils would call for an air 
movement of 2,352,000 cubic feet per hour. Each pupil reeeires 2& cubic feet per 
minute, in place of GO cubic feet, the usual allowance." 

BLOOM1NGDALE SCHOOL BUILDING, CHELSEA. 
" This building is heated by steam-pipe radiators in tieo of the corner* of each room. 
To the larger of these an 8-inch pipe, and to the smaller a 6-inch pipe, are provided 
to bring a fresh-air supply from outside the building; but the movement of air 
through them was scarcely perceptible. This is all the provision (about 7U square 
inches area) for fresh air to each of the rooms provided for 5*3 pupils. The pipes 
above mentioned are connected with registers on the outside of the building, which 
are rusty and inoperative; one of which, being measured, presented an opening of 
only about 17 square inches, to supply a pipe of 5t> square inches area. The foul-air 
registers are 12 inches x 18 inches. In three of the rooms the velocity of air passing 
out was found to be 100 feet per minute, and in one of the rooms ISO feet per minute; 
the total amount of foul air removed from the building through tiie registers being 
43,200 cubic feet per hour. 

"An air supply 'i/3,000 cubic feet per pvpit per hour mould call for an air movement of 
672,000 cubit f tti. Windows resorted to for fresh-air supply. Each pupil note 
recefw* 12ft cubic feet per minute, in place of 50 cubic feet thai each ought to receive." 
BROADWAY SCHOOL BUILDING, CHELSEA. 
"This is a four-room building provided for 270 pupils, heated by steam, direct radia- 
tion ; steam pipes run about the sides of the rooms. This building has no provision 
■ iresh-air supply, except what may be secured by opening the windows. 
Xo movement of air through the foul-air registers." 

'Set secomrianying table of conditions, yi»ce HI. -^ 
K& ' 
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Tlie foregoing pajiers relating to the action of the Senate and House 
of Representatives and the reports of the Chief of the District Police 
:iml Board of Health, are introduced as the hest answer to many ques- 
tions regarding the law and the application of it to the special class ol 
buildings under consideration. Similar laws have been passed by some 
other States. 

The revised charter of the city of Rochester, N. Y.. 1877, created a 
Board of Health with more extended authority than that exercised by 
previous boards, and among other items the new board has authority to 
regulate the heating and ventilation of public schoolhouses throughout 
the city. Under their power the hoard appointed an examiner to look 
into the condition of schoolrooms, and some startling revelations were 
the result. But as the examiner had personal power to act only by 
report and recommendation to the board, we may easily see that the 
reform and relief would come slowly if at all, since " the knowledge of 
an abuse is one thing, the efficient and prompt remedy of it another." 
The Massachusetts law Iwfore referred to (page 514) not only con- 
fers the power to issue mandatory orders, but prescribes the penalty for 
disregarding them. The apathy manifested on the subject of ventila- 
tion by those charged with the erection and care of buildings is simply 
astounding I Ignorance of any subject or science may rest lightly on 
any individual, when the results, although disastrous, fall only on those 
who break and defy the laws. That even such a course is reprehensible, 
we need not stop to prove ; but what shall be said of the men or set of 
men who, from whatever motive, have accepted the responsibility of 
providing for the health, comfort, and prosperity of hundreds of their 
fellow human beings, who either do nothing worthy of the name, or 
carelessly turn over the whole matter to others more ignorant than 
they themselves? 

It was reserved, however, for the town of Revere, or rather its School 
Committee, to resist the efforts and orders of the inspectors to furnish 
their school buildings with a proper air supply. Carried into court and 
shown up as resisting a sanitary law and ignoring the attending dangers 
to the children, they took refuge behind a defective service and a local 
judge, who ruled that the case of the State was not p rove n.' 

That such a board of sanitary police has onerous and delicate duties, 
is clear, and that even with the law clearly defined there may be no 
little difficulty in inaugurating reforms and in securing a proper air 
supply under the various and conflicting conditions. 

•Note.— In justice to tlie oommittee and tliocoart.it should be stated that the 
judge, while declining to rule against the School Committee, remarked on the Biogu- 
lar nnd apparent deficiency of a pure air supply to these schools, and advised the 
committee to take action on the matter. This they did later, and voted *3,OQ0 to 
m|)nivu 1 1 10 vi.'iii ilat.ioii in tliL'ir scvoral school IjuildingB. 
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•METHOD OP ESTIMATING THE AIR REQUIRED. 

" Under the general conditions of outdoor air, — namely 70° of temper- 
ature and 70 per cent of complete saturation, — an average adult man, 
while sitting at rest, makes 16 respirations per minute of 30 cubic 
inches each, or 480 cubic inches per minute. Under the previously 
assumed conditions of temperature and humidity, the air thus inhaled 
will consist of about £ oxygen and J nitrogen, together with about 
1 /o aqueous vapor and ^ of a per cent carbonic acid. By the process 
of respiration, the air will, when exlialed, be found to have last J of 
its oxygen by the formation of carbonic acid, which will have increased 
one hundred-fold, thus forming 4 per cent, while the water vapor will be 
about 5 per cent of the volume. In addition, the inhaled air will have 
been warmed from 70° to 90°, and, notwithstanding the increased propor- 
tion of carbonic acid, — which is 1 J times heavier than air, — will, owing 
to increase of temj)erature and the levity of the water vapor, be about 3 
per cent lighter than when inhaled. In addition to the carbonic acid 
exhaled in the process of respiration, about J more is given off by the 
skin. Assuming that an amount of air is supplied sufficient to dilute 
this to the same proportion as the breatli, then obviously about 580 cubic 
inches, or .33 cubic feet, of pure air are actually required to supply the 
fixed requirements of the body. But furthermore, 1 J to 2 J pounds of 
vapor are daily evaporated from the surface of the skin by a person in 
still life. If the air supplied at 70° is assumed to have a humidity of 70 
per cent, and to l>e saturated when it leaves the body at a higher tem- 
perature, then at least 4 cubic feet of air per minute will be required to 
cany away this vapor. 

44 Taking into consideration these various factors, it becomes evident 
that about 4 cubic feet of air will be required per minute to remove 
from an individual all vitiated air, and to furnish fresh air for res- 
piration and the absorption of moisture from the skin. This, fiotr- 
ever, is only on the assumption that any given body of air, after having 
fulfilled its office, is immediately removed without contaminating the 
surrounding atmosphere. But from previous considerations, it is seen 
that the spent air from the lungs is immediately diffused into the atmos- 
phere, and further that the carlxmic acid allowance in indoor air should 
not exceed 6 or 7 parts in 10,000, whereas that in the .33 cubic feet of 
vitiated air removed from the person per minute, is present in the pro- 
portion of 400 parts in 10,000. 

44 To dilute this .33 cubic feet, so that the carbonic acid shall not exceed 
to 7 ]Hirts in the 10,000, there would be required about 19 to 22 cubic feet 
of air per minute, or about 1,140 to 1,320 cubic feet per hour y to secure 
healthy sanitary conditions" 

^s •B. F. Sturtcvant circular of 1884. 4 
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•For schools, according to Morin: Infant, 530; adult, 1.060; all 
agree, however, that tins amount should be largely increased for differ- 
ent places, uses, aiul etmditiotu. Hospital*, theatres, and assembly 
rooms require as much as 2,000 to 3,000 cubic feet. 8ee page 522. 

f " The amount of supply for audience halls should in no case be less 
than 80 cubic feet of air per minute through the regular flues of supply, 
and in legislative buildings the apparatus should be such that at least 
45 cubic feet of air per person per minute can be furnished, with a 
possibility of increasing it to 60 feet per minute when desired. In 
dealing with such matters as air and water supply, engineers should 
endeavor to secure maximum and not minimum quantities. 

"I am quite sure that no architect or engineer would advise making 
plans to correspond with the requirement of 10 cubic feet per minute 
per person, if the question of expense of construction and maintenance 
did not come in ; and the difference between the opposing views is, in the 
main, that one considers the question of cost as more important than 
others are disposed to do. 

"So far as construction is concerned, the difference in cost between 
providing for an air supply of 10 and one of 60 cubic feet per minute 
will not often be so great as to be a serious objection, provided the plans 
d mad* /"/are the •■oust ruction of tin' liuildin;/ is commenced. 

■■It is when we have to provide heating and ventilating arrangements 
for existing buildings that have been planned in utter ignorance of the 
requirements of heating and ventilation — and this is the case with at 
least one half of the largest and most costly buildings in New York — 
that we have to diminish the supply of fresh air to the smallest per- 
missible amouut in order to be allowed to introduce any at all. 

"The ventilation of such buildings cannot be made satisfactory; it is 
only 'endurable,' and a ventilation which is only just 'endurable' is 
discreditable to the architect of the building in which it occurs, provided 
that his advice has been followed on this point. 

"When it comes to the planning of such a building as a public school, 
I DOBBider it to be the duty of an architect, not only to advise, but U> 
insist on proper arrangements for heating, ventilation, and plumbing; 
and if it is his misfortune to have to deal in this subject with ignorant 
committee-men, who, with a limited appropriation for the purpose, insist 
in omitting-, for the sake of cheapness, some of these points in construc- 
tion which are essential to keeping the building in proper sanilaiy 
condition, it will be his duty to decline to have anything to do with the 
matter rather than to suffer himself to be used as a tool to execute work 
which he knows will lie dangerous to the health and life of the children 
of his fellow-citizens." 

•8m fall table of autuorlth-t ami examples. t Dr. John S. Hilling*. 
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Table No. 25. VENTILATION. -CASES IN PRACTICE. 



KIND OF Hill .DIM;. 



Hospital. Guys, sight 
■' LariboMiM .. 

" Bcaujoi 



Theatre d« Palais Royal 

l,viif|ui' ( i-.-i- iaat| 

" de laGait< ; 

Prison, Cellulaire. Mum. . 



7fl 



to 10 years old 

Salle c(e« SeliniTS ill! I'lnstltut. . . 

Cliambre dcs Hairs 

Conservatoire des Aria. etc... . 

Alii'li'lliir < 'IiihilIiiv ill's I)<-pllt< : ». 



. Leblauc, elf , 

Morin (sensible odor). 

: .lnappeared.1. 
" (too much air. 

feMgfcta . 

[*if"if** hwj '. 



M. P.-clet, et*. (sensible 

odor). 
[siWej. 
Uorin (bad ode 

idor.bnUUoW- 
" |»ery lillle odori, 
Prclet (very sligbt odor). 
M. i.'lieroiitiet. 
Gay-Lua*ac. Pouillet. elf., 
Mori ii. [ndor). 

Prclet (talis factory. 



Amounts op Am Required by Different Authorities. 



kino OF nriUiINu 



Hospitals 

Theatres, assembly rooms, etc. . 

Prisons 

Ordinary rooms 

Schools. 

Hospitals, ordinary maladies. , . 

" wounded, etc 

" in times of epidemic. 

Theatres 

Assembly rooms, prolonged sit 

Prisons 

Workshops, ordinary 

" insalubrious 

Barracks, during the day 

" niglit 

Sclmids, infant 

" adult 

Stables 



M 



No.of coHcfen 
each iierm 



Chas. Hood. 
Dr. Reid.... 
Dr. Arnott. 
Dr. Rilling*. 
Prof. Morrison 
T. Schumann.. 
De Cliaumont. 
Dr. E. Parker. 
H. Ruttan. .... 
G. B. Rafter... 
Robt. Briggs.. 

W.Butler 

J. Greenleaf .. 



DEMAND FOR VWIUilON FOR PERSONS IN DIFFERENI CONDITIONS OF HEALTH. Elc-THDS, BOX. 



I'UAUAI TER 111" IICITI'AMS. 



Room with single occupant — cleanly and 
healthy 

Room with single occupant — healthy, but n> 
cleanly 

Room with single occupant — cleanly, but sick. 

Crowded room — healthy and cleanly persona. 

Hospitals (ordinary eases) 

Hospital* tor frvi-r s. etc . 
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school no. 10, delaware avenue. 
Buffalo, n. t., j 

. II. Mil .!>.— 

I)' '<>■ Wr: llr re with I send you a copy of the reports of heat i: 



b 10, 1K8U. 



Mb. 

11 tho several class- 
rooms of .School No. 10 during the month of February prist, tlio house being warmed 
by your combined system of steam and water, and the change of nir being effected 
by your mechanical wellif.nl of a fan toratrti in the ottir, and driven hy a water motor in 
the lia-menl. 

I in llao happy to comply with your request for my opinion of this simply yet 
efficient method of warming ami ventilating schools and public buildings. 

Vim will doubtless remember that at first I had not a large faith cither in steam 
heat or a system of ventilation. 1 bud not seen it in operation. Now 1 i -:ui speak 
from experience and use of the apparatus during the past three winters. 

Of Km temperatures you have a report, taken four times a day during February 
from each of the twelve class-rooms, and signed by the several teachers." 

Of the system in general, I may say [ approve of every detail, from the employ- 
ment of water circulation in the indirect radiators, through which the building is 
supplied villi pure air, to the exhaust fan in the attic, which constantly and 
efficiently removes tho large volume required. 

From the tests made by the Superintendent of the New York Exhaust Ventilator 
Company (Mr. Strauglaud), it appears that when the fan is moving only 00 revolu- 
tion-, pel minute, the velocity of the air is 000 feet per minute. The discharge outlet 
of the fan being 14 square feet, we have 8,400 per minute, or 504,000 cubic feet per 
hour, removed from the 12 rooms as follows: — 

The four class-rooms on thejfrst Moor are 2(1 x :;l each, D,72S = 3S,»12; nr.eondna.il third 
floors, 77,S12, or 1 10,724 cubic feet in the 13 rooms; add for clothes closets connected 
wilb the ventilating apparatus 30,000 cubic feet, and we have 140,724 cubic feet. 
Dividing this 140,OoO by 604,000,— the number of cubic feet of air moved by the fan, 
— we have the entire air of the rooms and closets changed every 17 minutes: or, tho 
average attendance being J00, we have 1,006 cubic feet of air per pupil per hour. 

I mi iiir.rri Unit nninr writer* "tlrinr a tnr'i'.r supply, an much as l.flOO or enn 2,000 
cubic feet per hour per pupil : hut I am conrineeii that it is possible to yet too much of 
• r, N ,i good Iking, inn! that 1,000 euMs/wl of nir per hour per pvpilJUU nay retumgbh 

rafwtnm nt mi the score of health, and rrrtainly mi the tare of nimfort, sin-; ,.■ or. • •!,,■ 
•nfld'J •-'•nil hardly la- introduced without treating unpleasant draughts, to say nothing 
of the etctisiee Jire nqnirti to warm so great a volume from the temperature of the out- 
tide air, the air briny discharged 11(65°. 

With the supply and mnural of the amount first slated, me have not perceieed the 
•Injhlest trail- if any odor, ccen after the longest session*, n-hih- Uu nilire. absence of 
cases of headache or illness, so Common irith otlur systems of heat and im/nrf.-i-l •■nililn. 
tion. nmfneea me tlmt wt hare at No. 10 reached the happy medium so lung desired for 
sehanl ventilation. 

I would also mention with explicit favor the employment of water beat or circula 
lion for the indirect system, by which it is possible to have the rooms tampered in 
the early fall ami ipring, doing without the common drawback of overheating, also 
the comfort of having a supply of warm water at tho sinks for the cleaning of floors 
aud windows. 

As you desired, I have inquired as to the fuel burned, and And that thu coal for 
tin- whole year is 120 tons. The total space in Ilia building is 240,000 cubic feet, and, 
for say the IT'i d.iy> tli.it I lie building w as under heat, we have .(Uvi tons of coal per 
day. or l,;i71 pounds at J4.50 per ton, equal to $3. 02 per day of 24 hours, or 1,000 cubic 
feet is warmed and ventilated for 11 cents. 

Euoknk E. Fish. Principal of School yo. 10. 
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DIAG RA M No. 31. 

NEW SCHOOLHOUSE DESIGN 

Drawn and Deai<jitnl by F. LAJfQDOW, dtektttet, it'hiina, Minn. 
ECONOMY or CONSTRUCTION, LIGHT, HEAT, and VENTILATIC 



Double «i 
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WATER HEATING APPARATUS BY J. H. MILLS. 
• are the iron smoke pipes inside the vent shafts. 



..._ the heat pipi's fur tlie second Hi 

I arrows show In. Hit piping and pure warm air supply. 

Hist and second Huorx. 

ip arrows show air inlets to indirect chambers, and discharge into 

bfiltofl vent shafts. 








THE MOVEMENT OF HEATED AIR IN FLUES OR CHIMNEYS 



TIE different modes of producing ventilation may all be classed 
. under two general heads — the natural and the mechanical. All 
the methods of spontaneous effusion, produced hy the unequal 
density of two columns of air, whether caused by chimney draughts 
or otherwise, belong to the former class ; while the various methods of 
ventilating by fans and blowers belong to the latter class. 

Of these different modes the mechanical is the most effective; the 
natural, sometimes, but not always, the most economical. If a column 
of air contained in a tube or chimney he heated, it expands according 
to an ascertained law, applicable to all gaseous bodies; namely, that the 
expansion is equal to ihr of its volume for each degree Kahr., that 
the temperature is raised from 32" to 212°. If this column of air tie 
10 feet high, and have its temperature raised 20°, then it will expand 
itt, or A of its bulk; so that its specific gravity would be dimin- 
ished, and it would require a column of air 10 feet 6 inches high to 
balance a column of the external air 10 feet high, when the temperature 
of the latter is 20° lower than that of the former. But as the height of 
the heated column is limited by the height of the tube or chimney, 
which we may suppose to be only 10 feet high, the colder column presses 
it Upwards with a force proportionate to this difference in weight, and 
with a velocity equal to that acquired by a body falling through a space 
iqiuil to the difference in height that two columns of equal Wtigkt 
would occupy, which in this cii.se is 5 inches. 

NOW, the law of gravitation is this: that the velocity of descent is 
relatively as the square root of the distance through which the body 
falls; and, as a body falls 1GA feet in a second, the velocity will be, 
agreeable to the known law of gravitation, equal to 8 times the 
square root of the height of descent, in decimals of a foot; or 2ff& 
where g is the distance through which a falling body descends in one 
second of time, namely 16.09 feet, and li the height of the descent. (See 
also table 26, diagram 32, and table of the expansion of air hy heat.) 
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He rate o( efflux, however, is Bubject to oertoin ooczeetionR, on 
..iiniuii of the r-onUnii nations which increase the specific gravity of thi 
eaoapirtg air, and also in consequence of friction. In genera] ; 
deduction of Emm one fourth to one third of the iniii.il velocity a nee- 

Baser] it mpensate [or these severs] effects, .mi] to represent the true 

rate <>f efflux. Tlie velocity of discharge per second through ventilating 
tubes "i chimneys, will, therefore, I.hj found (after the difference Id 
height of the two columns of air lias been calculated in the maimer 
already stated) to be equal to B timet tho tquart root <>f Ae tjiffertna 
in height ■>/ the two column* qfair in docimaii of a footi tlii* Dumber 
reduced one fourth, to allow fur friction, and the remainder multiplied 
by 60, will give the true velocity of efflux per w ft m fa ; and the ares 
of the tube in feet, m lii-i'iuiiils nf a foot, nmli i jiIj<-<1 l>v tins Uiu-i num- 
ber, will give tin.' number of cubic feel of air discharged '«;r minute. 

The following table, No. 26, shows thf dischar^i / 
11 ventilator i.me f Ki.it *ifitart for various heights and differene) 
perature, the allowance (as already stated) of one fourth Eo 
having here bean mads.* 

In the tipper part of tin: table is shown the discharge, per foot in height of tlio 
ventilator; this multiplied by the square foot of tlie height (table B), is the number 
of cubic foot per hoar for a tine of una square foot section. Wbcic the sec- 1 tonal urea 
of the flue is less or greater, tho amount of cite discharge will be proportionately 
decreased or increased, the ratio being found by dividing the sectional ana ■■' Hm 
Hue in square inches by 144. 

As tlie temperature in the flue rises, the flow of air is largely increased. The 
table also illustrates the improved ventilation observed in cold we a t h er when tin- 
temperatures outside the flue are low. 

Tlie power that causes the upward motion of tlie heated air is extremely small, 
being merely the difference in weight between air at different temperatures. It is 

apparent that tin iditions may be easily altered by adverse influences. Thus, for 

example, the effect of pressure of the wind is frequently sufficient to moose the 
current in chimneys; Witt: the frmptraturto in tht jtue are loir.n* in ... 
rentitiitiiiij ihir(«, I he tUi-liiirj/t i* still i>,orr tariahtr. 

Table No. '2~ shows the siics required in practice for warni.air flues and duets 
from indirect radiator stacks heated by low-pressure steam or water. 

The column to the left gives the number of square feet of beating surface in the 
stuck. Following Ibis is tlie contents of rooms in cubic feet supplied with lie.it. tlie 
proportions of heating surface to space warmed, ranging from forty to eighty cubie 
feet of space per square foot of radiator. 

The sixes of flues required to supply different floors will be less in the upper 
stories, tho power decreasing with the height of the heated column, u 1 1 
table above. The proportion fur the same tb.oi is taken as two incite* ol llm- section 
per square foot of radiating surface, corrected to uniformly increase the sizes of the 
smaller (lues. 



Tin 
of on. 



proper sizes of registers are slmwti in the adjoining columns, with allow 
■third for obstruction of the register face by metal-work. 
• See also diagram So. 32. sod table No. no, pace MS. 
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TABLE Nn. 26. 




The Discharge of Air per 


minute through Ventilating Flue of One Square 


Foot Section, and One Foot High for different Temperatures 




of Air Outside the Flue as per formula. 
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A EXCESS OF TEMPERATURE OF AIR IN FLUE OVER OUTSIDE »IR 
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/ p Heat: Its Science, Production, and Application. lj 

Tlie method of spontaneous or gravity movement of air in flues, 
which lias been described, requires in every case that the air of the 
room to be ventilated (and thus the flue) shall be of a higher tempera- 
ture than the external air. Where this is not the case, no motion trill 
ensue that is of any practical use in ventilation. 

The differences of temperature that may exist in cliimneys or venti- 
lating shafts, where no extraneous heat is applied, cause a certain but 
limited motion of the lighter air, corresponding (as we have seen in the 
table) to the difference of temperature and height of the shaft. 

In the following diagram, No. 32, we may trace at a glance some of 
the principal results that are found by the use of the tables. For 
instance, the curved lines show flues from 1 to 114 feet high, with 
internal temperatures of from 62° to 462° ; while at the side are set the 
degrees Fahr., representing the temperatures of the air. Following the 
black lines of the table (left to right) until they intersect the red lines, 
we have the velocity of the air in any flue of the height and tempera- 
ture noted. As far as ventilation is concerned, we may confine our 
observation to the lower four spaces, and to the region bounded by the 
letters A, B, C, I), since 137° is as high a temperature as it is economical 
to employ for removing air by means of heat in the flue. 

Noting carefully now where the red line (representing the height of 
any flue) crosses a straight line from A to B or from C to D, we shall 
see that for small differences of temperature and low flues that the dis- 
charge is comparatively small ; thus, outside air 60°, temperature in the 
flue K7°, difference 27°, the height of the flue being 36 feet, and area 1 
square foot, the discharge is 450 cubic feet of air in 1 minute, or 450 x 
60 = 27,000 cubic feet in 1 hour's time. Again, outside air and height 
and area of the flue the same, temperature in the flue 137° (difference 
77°), the discharge is 787 cubic feet per minute, or 787 x 60 = 47,220 
cubic feet per hour; by quadrupling the heat or the difference in 
temperature we sulistantially double the discharge ; this without refer- 
ence to the area of the flue. In table No. 30 (Chapter XXX.) maybe 
found a summary of all the co-relating conditions in the movement of 
air by heat and by mechanical methods. Experiments i\ 10, and 11 
are of particular interest to steam heating engineers, and all who 
contemplate increasing the movement of air in flues by the use of 
steam coils. Much as may be said in favor of natural ventilation, 
and evident as it is that all successful ventilation must depend on a 
studious and skillful conformity to the few natural laws underlying the 
whole process, it will still remain questionable, after everything possible 
has been done to produce draught by differences of height and tempera- 
ture, whether it is possible to supply at all times a large amount of air 
of the necessary quantity and quality. 
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THE CAPACITY OP AIR POR HEAT AND FUEL, REPRESENTED. 

We shall see that in table No. 39 may be found examples of about all 
the different methods of producing a movement of air for ventilation, 
or indeed any other purjnxse, also the cost of such movement. This, of 
course^ does not take into account the original or total amount of heat con- 
tained in the air* or the cost of heating it from the temperature without to 
that within the building* this l>eing anothei and separate issue. 

There are many other uses for heated air besides that of warming 
buildings, such as drying fabrics, timl>er, bricks, etc., and it seems 
desirable to know without elalx>rate calculation just what heat is con- 
tained or carried in the air at any temperature, as well as in changing 
the air for ventilation. 

It is, however, in connection with ventilation and the discharge of 
air that this table Incomes interesting and instructive, since by it we 
may see what it costs to quicken the discharge of air by raising its 
tenq>eniture in the exit flues. 

There lias Iwen much misconception and sometimes misstatement of 
the amount of heat required to cause certain velocities in ventilating 
flues. This matter has l>een treated so fully that little more can be 
added to it except to note the following conditions from table 
No. 39, page 583: — 

Taking the first eleven experiments (average) we read: Area of flue, 
12 square feet ; height, f>l feet ; outside air, 51°; air in the flue, 131°; 
difference of temperature, 80°. 

Thus, each 5,000 cubic feet of air discharged carries with it 7,688 
units of heat, which divided by 7,000 = 1.9 pounds of coal. 

If the surfaces to heat 5,000 cubic feet of air per hour were steam 
pipe, we see (experiments 9, 10, and 11) that it would require 5,000 : 
388=12.9 square feet, and that this heating surface must be placed at 
the bottom of the shaft* the air being brought in immediate! y below the 
pipe* or any other heating surface so employed. 

Table No. 28 has l>een prepared to show this loss, and may l>e con- 
sulted both as to the heat contained in the air, the pounds of coal rej>- 
resented, and thus the cost, knowing the value of the fuel at anv local- 
itv. It also shows the lx)iler and heating surface in pipe or radiators 
(gravity circulation) to furnish the stated amount of heat. 

* Thus (example) 100,000 cubic feet of air raised 100° = 1,922 x 100 
= 192,200 (units) ~ 7,000 = 27 pounds of coal; this requires (lower 
line) 192,200-- 400 = 480 square feet of pipe surface to do the work, 
and 192,200-^- 3,000 =04 square feet of l>oiler with 3 square feet of 
grate, or one third of this for furnace plate = 21 feet. 

* See the same stars (*) set in the table and lower line for the radiator and boiler surface 
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* " In all our attempts to ventilate houses and at the same time preserve 
a uniform temperature throughout, we must bear in mind that we are 
living at the bottom of a sea of air, which presses equally every way, 
and whose weight and pressure and their laws are accurately known. 
Any portion of air on being heated expands in volume, and becomes 
s|H3cifically lighter than the neighboring portions, which have therefore 
a greater tendency to fall toward the earth, and thus push the lighter 
portion upward. Heated air has thus a tendency to ascend, not, how- 
ever, from an} r such power in itself, but solely because it is pushed 
upward by the fall of the colder, denser, and therefore heavier air 
taking its place ; just as the lighter scale of the balance ascends because 
it is pushed up by the heavier scale, and not because of any power of its 
own to ascend. These simple truths are frequently overlooked by 
amateur contrivers of ventilating schemes ; they know the fact that hot 
air rises, and they think, therefore, that nothing more is necessary than 
to make an aperture at the top of the room, and through it the foul, 
heated air will naturally go out! But it will not do so unless an exactly 
equivalent volume of colder air find entrance at the same time to push 
it out. In an air-tight chamber with a single aperture at the top, a 
lighted candle will go out, even though the aperture is quite large 
enough to supply an ample change of air. Where a candle will go out, 
a human being will die. 

* fc The power necessary to effect ventilation may be derived from the 
expansion of the air by heat specially applied for that purpose in the 
outlet flue or chimney, or from fans or blowers driven by machinery, or 
from jets of steam or a falling stream of water. It is also theoretically 
possible to produce the required movement of air by cold as well as by 
heat ; all that is essential Ix'ing that there shall be a difference in tem- 
perature between the space to be ventilated and the outer air, and 
suflicient channels of communication between the two. 

(See table No. 39, page 583.) 

" Ventilation by means of heat will usually lye effected by what is com- 
monly called an aspirating or ventilating chimney, which is a shaft or 
flue so constructed that the air in it can be heated without necessarily 
heating the room or rooms from which it is desired to withdraw the air, 
so that no discomfort need be caused bv its use in warm weather. 

u This heat may be applied by means of an open grate placed in the 
shaft, as is done in the aspirating tower for the House of Commons, and 
in mines, or by means of a stove, heating a sheet-metal pipe passing up 
the chimney, or by gas jets, or by hot-water boilers, or by the circulation 
of hot water or steam in coils of pipe or radiators suitably arranged in 
the chimney." 
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•Dr. J. S. Billings. 
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TABLE No. 29 AND DIAGRAM No. 33. 
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THE EXPANSION OF DRY AND MOIST Am. 




















The DIAGRAM shows the increased volume of a given weight of 
air (at atmospheric pressure) due to expansion by HEAT and absorp- 
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t,ooo cubic fee! of perfectly dry air, heated from 32^ to 191", expands 
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jid of its volume = 1.04 cubic feet for each degree raised (blue). 

The same air, healed in the presence of moisture, and saturated 
with invisible vapor, eipands from 1,000 to 3,943 cubic feet, or 
nearly four times its former volume (blue and red). The dotted lines 
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show the volume of air at "average " humidity (75% of saturation 1, 














and "dry " air (containing 50% of the moisture required to saturate). 
The expansion of perf,tily drv air is shown liv the blue diagram from 
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yi° to 192°; and for higher temperatures up to 2,500'' by TABLE 
below; together with the ■weight, relative volumes, am/ number of 
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Conditions between 32° and in: 3 are also shown by the diagram. 
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CHIMNEYS AS VENTILATING FLUES. 

Ah chimneys are an important feature in all heating operations and 
where any form of solid fuel is to be burned, a few words about them 
will not 1k» out of place, esjxjcially as many persons, including archi- 
tects and builders, omit to give due consideration to the subject or the 
advice of practical heating engineers, who are often crippled for the 
want of a chimney flue of proper area and height for the work. 

These remarks also apply to flues in which it is proposed to dis- 
charge air for purposes of ventilation, since the same rules apply 
equally to l>oth, the power l>eing the same ; viz. heat. 

It is, however, more difficult to obtain a good ventilating flue because 
the heat available is less, and the cooling influences greater. 

Temperature inside the flue, then, being the only power to create 
draught and velocity, all means of increasing these should be availed 
of, and all means of preventing loss taken. 

Thus a chimney flue in an outside wall is at disadvantage, due to 
the cold nature of the outside and* other surrounding walls, and will 
not yield more than two thirds of its possible duty; while, if a flue so 
situated is intended to convey away air at a low temperature, it is often 
a failure, due to the greater power of the cold air blowing down upon 
the top of the flue, often reversing the discharge. 

If chimneys or other vent flues mu*t be located in outside walls, the 
only remedy is to build them double, or with surrounding air spaces to 
prevent chilling effects. 

The best and simplest way to secure good flues for either purpose is 
to make the lining of vitrified tile the size required, and the brick wall 
around this not nearer to the pipe than the flanges of the tile used. 
This will leave an air space of one and a half or two inches. 

The tile furnishes a smooth glazed surface that will not crack, peal 
off, or foul up, and that can be had at a small first cost ; in fact, at 
less cost than any flue lining could \m built up of brick and mDrtar. 

There are also other tile linings of square or oblong shape that make 
admirable lining or flues for the conduction of heat, as thev may l>e 
used lietween the wooden partitions or in the place of a four-inch brick 
wall, their thickness being only about an inch. We will insert cuts if 
thev arrive in time. As the matter of the movement of air for venti- 
lation will l>e treated under that head, we will only refer to the area 
of the chimney flue and the imperative necessity that a good one 
should l>e provided by the architect, owner, or builder. Although 
there is some general information to be had, a simple rule is to allow 
for a heating apparatus, sixteen square inches for each square foot of 
if rate, and for power purposes twenty inches or an increase of 2o per rent, 
^ with all the heitfht available in either case. See also pages 484, 485. < 



The Warming and Ventilation of Buildings. 

That the matter of chimneys is bat imperfectly understood, may be 
proved by a glance at the roofs of buildings in almost any locality. 

What is the meaning of all the heterogeneous collection of chimney 
caps, on wis, and patent clap-traps that disfigure the roofs of some of 
OUt best buildings — some high, some low, some leaning, some straight, 
some fixed, some movable or intended to move when there is wind 
enough to drive them around? 

ll nir.tiis to the practical eye that the architect and Ins matter mason 
missed their objective point, and that the hideous chimney pots are ■ 
record of their ignominious failure. A crying shame that, in addition 
to all the trouble incurred in trying to get good work from a poor tool, 
the fair outlines of the roof must permanently lie disfigured by the 
motley collections of a race of chimney doctors, who have been called 
in by the owner to palliate a disease inherited and inherent in the plans 
for the buildings, or rather the plans of the chimneys. 

I do not mean here or, indeed, anywhere to bear unduly upon the 
architect or suggest that he is indifferent to the success of this impor- 
tant detail of his construction, — nay, I am confident that there is no 
more interested party, and that he will lie the first to see and appreciate 
practical suggestions in this direction. In fact, the better posted the 
architect is in the general difficulties of obtaining good draught for 
chimneys and ventilating exits, the more readily he will seek the advice 
of the heating and ventilating engineer. 

It is not intended to assert that all wisdom and experience reside even 
in these specialists, since I have seen some terrible mistakes made under 
the direction and sanction of so-called practical men ; and nothing is 
more common than to see them accept too little, or rush to the other 
extreme and insist on too much, flue. The engineer and heating 
contractor has much to learn in bis difficult branch of mechanical 
science. 

THE MOVEMENT OF AIR FOR VENTILATION. 

I think it possible to have too large a chimney flue, as well as 
too small. If a chimney flue is too large, and the air be restricted 
Wlow. double currents will be established in the fines. A cold current 
will drop down one side of the flue, and a warm current will pass up 
the other. In this case the beater and boiler is cut off from its best 
work, and only acts as a feeder to the warm current, in this case 
obeying the same law that water would under the like condition. 
Indeed, the two fluids obey the same laws of gravity in circulation. 

The same adverse results also obtain when a disproportioned chimney 
is employed as a ventilating flue. 

See article on chimneys, Chapter XXV. 
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As one of the best methods of abstracting air from a room is the open 
fireplace, we must not omit to give it credit, and in this connection to 
note tliat it is the fire on the grate, with the temperature thus com- 
municated to the air, that causes it to rise, other air taking its place. 

Open fireplaces, whether the fuel consumed in them is wood or coal, 
are among the very best natural ventilators that we have, and yet the 
question of expense is bringing them more and more into disuse. But 
there is no need to be discouraged on that score, because the eyes of all 
practical people are being opened to the importance of combining the 
twin forces of heat and ventilation in such a manner as shall tend, in 
the future, to prolong life, as well as render it more enjoyable. 

When used in connection with other methods of heating, they become 
a useful auxiliary. The heat is imparted from them by radiation, 
which does not heat the air at all, except by first heating the walls and 
surfaces with which the air comes in contact ; thus a degree of comfort 
is obtained without overheating the air. The sun heats the atmosphere 
in a similar way — by first heating the surface of the earth, which 
imparts heat to the air by contact. 

The open fire is a valuable help in removing vitiated air from a room, 
and is therefore particularly useful in hospitals and other sick rooms. 
In a room that is occupied by women and children, and by men of 
sedentary occupation, and is heated by steam, hot water, furnaces, or 
stoves, a higher degree of temperature is required for comfort than 
when a small fire is used in connection with other means. 

There is, however, a caution that should be given in connection with 
the open fire, and that is the liability of cold draughts over any person 
sitting between the fire and a window, door % or other source of cold-air 
supply to the fire. 

* Memorandum of movements of air in vent shaft at School No. 10, May 
16, 1885 — shaft in the centre of the house, height 54 ft. ; area, 4x4 ft, 
16 sq. ft. opening; opening in Ixise, 24 x 30 inches, or 5 sq. ft. 

Outside temperature, 64° ; attic floor, 62° ; second floor, 58° ; first 
floor, 50° ; average for whole shaft-, 56°. Difference between the tem- 
perature of air in the shaft and that outside was thus 8°. Movement of 
air in shaft downward*, 205 ft. per minute. 

The discharge of air as computed by table No. 24, for a shaft 54 
ft. high and a difference of temperature of 8°, with outside air 62°, 
45 x 7.35 = 321 ft. per minute. This is for entirely free movement 
of the air into and out of the flue. 

In the above example the air, after passing down the flue, was dis- 
charged into a closed basement through an opening only one third the 
total area of the chimney. 




• Buffalo, N. Y., April 1885. 
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• One of tlie many fallacjea and errors which liavo from time to time been urged by 
*ra on ventilation, and with which it is desirable that tho architect and sanitury 
neer should be familiar, — since they are constantly coming up afresh in the 
i of a letter or patent or of a letter of advice to the daily press, — is that of the 
effect of syphons or syphon-like arrangements as exit flues for foul air, ami the 
effects of Archimedian screw ventilators. 

"This matter of terminals of foul air and smoke Hues occupies such u prominent, 
although for tho most part wholly unmerited, place iu the literature of ventilation, 
" bo much stress is laid on tho merits of this or that particular form of cap or 
1, not only by patentees, but by some architects, that a few more words on the 
subject seem necessary." 

'• Id 1878 a series of experiments were made at the 1 toy ill Observatory, Kew, Eng- 
land, upon ventilating exhaust cowls, by a committee cum posed of W. Eassie, Rogers 
Field, and Douglas (lalton, w huso names are a sufficient warrant fur the care with 

lich the tests were made. The results are given in the following report, which 

a model of brevity and clearness: — 

"'The sub-committee appointed at Leamington to test tho ventilating exhaust 
cowls, beg to report that they have given the matter their most careful attention, 
and carried out at the ltoyal Observatory, Kew, an elaborate series of about one 
hundred experiments, on seven different days, at different times of the day, and 
under different conditions of wind and temperature. 

"' After comparing the cowls very carefully with each other, aud all of them with a 
plain open pipe, as the simplest and, in fact, only available standard, the sub-com- 
mittee find that none of the exhaust cowls cause n more rapid current of air than 
prevails in an open pipe under similar conditions, but without any cowl fitted on it. 
The only ubc of the cowls, therefore, appears to be to exclude rain from tho ventilat- 
ing pipes; and, as this can lie done equally, if not more efficiently, in other and simi- 
lar ways without diminishing the rapidity of tho current in the open pipe, the sub- 
committee are unable to recommend the grant of tho medal of the Sanitary Institute 
of Groat Britain to any of the exhaust cowls submitted to them for trial.' " 

"With regard to tho various forms of Archimedian screw ventilators, as usually 
made, they have no effect, unless driven by power independent of the wind. In calm 
Mtathrr, of coiine, all forma of eoicU are entirely inoperative, eieipt imfurniehiny more 
•r lens u&sirueiion fo the free eyreus of air; and on a still, warm day, when the ti 
ture within a large building may be several degrees lowe 
there will be a tendency to a reversal of the current and t 
my form of cowl that can be devised. 

"It often seems to be supposed by those advocating the u 
cowl, that the cowl itself has some mysterious effect it 
within it independent of wind o 
enough cowls are provided, i 



r than that out of doon, 
i' down draughts through 

ae of this or that particular 
i producing currents of air 
>r of differences of temperature, and that, therefore, if 
e of the effect desired under all circum- 



stances. This is, of course, not the ease, nor does it by a 
e cowls on a, building will produce more 
the effect may be just the reverse. 

" For example, I have seen a luga tin re-story building in which the foul-air (lues 
from the several I too™ terminated iu the open space of the attic, aud then half a 
dozen patent cowl ventilators were placed in the roof to complete tho arrangement. 
The result was that the several cowls pulled against each other, and, as they were 
only nine inches in diameter, the result was sometimes almost inappreciable. Had a 

nglo shaft, three feet in diameter ami properly capped, been insert' 
results would have been obtained, though this plan of using * 
,foul-air reservoir is one that should be condemned under all a 
•Dr. J. 5. BllllngV " Heating and VeatHnUi 
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That marly all failures to secure R proper air supply or cliange in 
Inhabited r oa nn tile result ol dsncienl knowledge of air and ita oon- 

trolling Eom B, i- I Hi i 1 1 1 iii-iu. Hid R8J tO understand. 

h is clear, however, thai it [a i ■€ the question of expense rather than 

..f ability how to reacli that result, tbtd hampers and finally obaeum 
. .it change of air in the dwelling and In public buildings. 

Alii go efficient ventilation will not cost a very largo Bum pea 

r ii ea >t be dented thai "somewhaj " will be added bo the first 

cost of the dwelling, and that this "Bomewhat" tin.: speculative builder 
will not add until he finals intending tenanta or purchasers refuse to 
take booRM that have no proper or modern means of ventilation ami 
warming. 

As with houses, so with other buildings — they are frequently under- 
taken with a limited original appropriation, which theM in 
thu construction tii ni it hard to increase, even to secure sanitary «irm- 
ing and ventilating arrangements. 

In thia matter the architect is doubtless more to Uame thl 
else, in not making ventilation tfirat Instead of a la»t consideration, and 
in putting such cost (less at that time than at any other) into his 
original estimate. That some of the building profession have given 
the subject of ventilation attention, is true, and that many make 
attempts at constructing lines in the walla, Ixith to bring warm air into 
the rooms and to take away the air that has been vitiated ly 
sources of contamination. 

Since, however, architects, builders, and committees are ii'-iicnnj ;■■ 
learn that their success in any indirect system of heating, as with fur- 
naces or steam radiators located in remote chambers, is really dejiendent 
on bow much air can be taken through the room, nunc attend 
to those flues that are to carry the air away, and which, as has been said, 
are the key to the efficiency of any system of ventilation. 

Even when force or power is applied to raii.se motion of the air, some 
regular and liberal supply of exit flues is required on which the fan 
may act, either by the plenum or exhaust methods. 

In short, no building or room can lie made to breathe, unless proper 
tubes and lungs are first provided; and, unless a building U 
breathe, it is a dead creation and a source of death to those who inhabit 
It. It is in the lines, however, that reasons of failure are often) 
and may lie expected; for, unless of a proper size and rightly located, 
these exit flues will, as they generally do, prove complete faili 
reason of this will be more fully considered later. For the present it ni.iv 
be sufficient to say, that exit flues located in a cold or outside wall may 
bring some cold air into a room; but, to carry warm air out. they an 
generally ineffective. For size of air flues, see pages 543, 544. 



The Warming and Ventilation of Holdings. 

In its great iukI leading features ventilation presents no complexity 
U Applied to individual apartments, though a deficiency of knowledge 
in those who conduct or manage it often renders the most simple and 
valuable plans of no use. Hut in complicated structures where many 
contending circumstances require adjusting, and where very limited 
measures have been introduced, it is often difficult to say whether lack 
of skill in the manngement of means at command, or unreasonable 
anticipations as to the effects attained when the apartments are over- 
crowded, may be mart at fault. 

It lias been supposed by many persons, architects and others, when 
considering the matter of ventilation, that the most which was needful 
was to provide some kind of cliimueys or vent flues in the walls for 
carrying away the vitiated air. They give little or no thought as to 
area, size, or condition of the flue, where it leaves the room or building, 
and often these flues do not pass out of the roof at all, but open into 
the apace in the attic, from which there is no practical discharge 
outlet; and, if there were, tills air — what little would find its way into 
the cold chamber — -would become chilled, and have no power to continue 
its journey out of any secondary discharge pipe not directly connected 
witli the vent flues themselves. 

But supposing that some rational vent fines have been built in the 
walls, and that there is a considemble difference between the air of the 
room and the air in the vent flue, but Utile air will be removed unless an 
equal amount of air warmed to the. same temperature is supplied. In 
other words, the air cannot flow up and out of any room faster than it is 
supplied. It is therefore the supply of air that makes removal of any con- 
siderable part of it possible. If persons when thinking of air would 
compare it to water, which, being also a fluid, flows in obedience to the 
same laws, there would be less confusion on the subject of ventilation. 

In a water apparatus for heating a building, the water in the boiler 
and pipes moves and circulates through them by the addition or abstrac- 
tion of heat, and this is the motive power that must be applied to 
secure the movement of air in what may be termed natural or gravity 
methods of ventilation. 

No one expects water to move in any direction without power being 
applied in some form; and we therefore secure it either by difference of 
level due to position, or of pressure produced by an engine or pump. 
With air, difference •;/' temperature means motion, just as differences of 
heel, am/ ice hace velocity in proportion to then,' differences, and vhtinc 
in proportion to the height and «r.;i of the discharge shaft. Increasing the 
height of the flue (the temperature of the air reraai' u), 

the velocity of the discharge is increased; tin 
tional to the square root of the height of the 1 
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AN EXAMPLE OP A VENTILATED DWELLING. 

• This house consists of a central lobby 24 x 9 feet, with rooms 19 
feet deep on OMO aid*. Bad having ground, house, bedroom, and tUn 
Boon. Thi total cubic mm of the house is about 88,000 cubic feet. 
15m priDHH ■ ■ as fetl i the ■eoeadax* islet, abotri W agame 

Em4 i the Inlets to the rooms, as large as they could be made ; the total 
area of the outlets Erom the room ol the bonis proper fud all the 
others were closed during the experiment^ mto tne foul-nir ahambex ■ 
about 8j^ square feel : the downeast abaft (or outlet from the foul-air 
chandler) is iiIkiui 5;^ square feet, and the upcast (or ultimate vitiated- 
air outlet), at the place where the anemometer was, is &% atji 
height of vitiated-air chamber above heating chamber, 47 East ; length of 
h.ifi. Bfi East, and length of upcast. 55 feet: the can vas stretched 
across the primary inlet is 171 square feet: the primary inlet is provided 
with valves ; tin- secondary inlet is protected with hot-water pipes, which 
also extend into the central lobbies, giving a length of 2t*5 feet ; the 
chimney throat* are provided witli valves and register grates, and the 
outlets from the rooms are provided with valves between the room and 
the foul-air chamber; nearly all the " tndowfl of the house are fixed lite 
church windows; there is a small window in the end of the foul-air 
chamber, and a small, well-made, tightly titling glass door. 

The results arrived at are the following; viz., that in tlie house, with 
an ojien kitchen fire (the opening 1 East from side to side and 2 feet 
high al Hive the top bar), the grate 17 inches from side to side. 11 inebei 
from back to back, and 14 inches from bottom of grate; the smoke flue 
beginning 4 feet inches above the top bar, i. e. 5 feet above the 
centre of the lire, smoke flue 54 feet long, made of glazed earthen-ware 
pipes 1 inch thick, the internal diameter 15 inches, and the chimney pot 
13 inches; with a good kitchen lire burning and the water boiling. 

With these conditions the smoke from the kitchen fire has a tempera- 
ture of 230° as it enters the smoke flue, and 195° as it escapes at the 
chimney top ; and, with the upcast surrounding the whole length of the 
smoke flue 4(i feet, and Hue pretty clear of soot, we thus, t lie re fore, 
abstract only 35° of the waste heat of the smoke from the kitchen fire, 
and that though the upcast goes up close behind the boiler ; ai 
fore, we gain only an average increase of temperature of about 20° 
between the outside air and the air in the upcast for the production of 
draught or the suction of vitiated air out of the house ; and we thus 
produce a velocity of about 220 feet per minute in the upcast. 

How much mora of tlie bent wo should gain by having a cast-iron smoke fine, elo*» 
kitchen range, and contracted fire pot. wo cannot at present say; but it is very likely 
wo should gain at least 50° to "0°, which would possibly increase the velocity to about 
300 or 380 feet per minute in the upcast. 

• " Hesltn and Comfort In House Building," J. Dryndtlc *nd J. W. Bsyvtrd, London. 
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TBI Warming and Ventilation of Buildings. 

METHODS OF ARRANGING VENTILATING FLUES. 

In buildings of such size anil importance tliat it is worth while to 
provide some form of centralized heating for them by means of steam 
or hot water, the architect will usually prefer to gather the majority of 
the foul-air flues into one large upcast shaft, in connection with which 
he can provide means to secure a constant current, aud to regulate its 
velocity to suit the varying requirements of tiie season or of the inmates 
of the building. This collection of flues into a central shaft may be 
effected in four different ways. 

The first of these is what Planat calls aspiration from above, by 
which lie does not mean aspiration from the upper part of each room, 
but from a point above all the rooms, — usually in the attic, — to which 
point all the foul-air flues are made to converge and enter a single shaft, 
in connection witli which is a furnace or eoil of steam pipe to give 
additional heat and ascensional force to the air. 

The second method is to carry- the foul-air flues of each story hori- 
zontally to the central shaft, which they enter at the level of the ceiling, 
which may 1« termed aspiration on a level, or horizontally. 

The third method is to carry all the foul-air flues downward to the 
cellar, where they are collected into a duct, or ducts, leading to the cen- 
tral upcast shaft. This is aspiration from below, and may be seen to 
advantage in the Smead-Ruttan system. 

The fourth system is a combination of the first and third, the rooms 
in the upper story having their flues pass upward, while the remaining 
floors are ventilated by flues passing downward. This way stand for 
the Fuller jf- Warren, or mixed xi/xtem. 

As the aspirating power of the shaft depends on the height of the 
heated column of air, as well as on the difference between the trmpfnitiire 
in the shaft and that- of the. external air, it is evident that, the nearer the 
bottom of the shaft the extra heat is applied, the greater will it its 
efficacy, bearing in mind that it must be applied at a point above the 
entrance of all foul-air flues. In the first plan it will usually be found 
most convenient to apply the accelerating heat by means of a coil of 
pipe lining the shaft and heated by steam." 

The difference in the cost of maintenance for systems one, two, and 
three has been computed by Planat for a building four stories high, 
having a ventilation of thirty-nine cubic feet per second. 

He finds that with system one it would be necessary to burn 7 pounds 
of coal per hour to heat the shaft; with system two, 54 pounds, and 
with system three, 4rV pounds. The third system is therefore much the 
least costly of the three as regards maintenance, and it also secures 
greater uniformity of action, ami is more oon' ie, for 

which reasons it should in most cases be pre 
•SwiJsii to ■ 












DISTRIBUTION OP AIR.* 

4i Too much care cannot be taken in the matter of the distribution of 
air supplied by systems of ventilation. In halls of audience, where the 
occupants are at rest, any slight inequality in distribution is noticeable; 
but in workshop, where the occupants are continually in motion, and 
not in close contact with each other, less care is generally required in 
the matter. Exj>eriment has shown that a velocity of air less than 
nineteen inches ]>er second is not perceptible to the senses, and that a 
velocity as high as three feet per second is not objectionable. Hence 
especial care should l>e exercised in order that no current having a 
velocity of over three feet ]>er second, or one hundred and eighty feet 
per minute, Ihj allowed to come in contact with the body. This nat- 
urally requires careful designing of the main and distributing ducts. 
Systematic supply involves arrangements of ducts and passages by 
which the outer air, from some chosen point, shall be transported to 
certain desirable mouths of delivery or outlet registers. 

4fc The velocity can be gradually reduced by an increase in the relative 
area between branches and main passages, and further by the area of 
the outlets, until the final velocity, as it meets the bod}-, does not 
exceed 180 feet per minute. A safe rule is to make the total area of 
branches (before they enter the delivery registers, if such be supplied) 
never less than 25 per cent in excess of the area of the main passage, 
and as much greater sis may be required to properly reduce the velocity. 

" Outlet flues should be made about one and a half times the area of 
supply flues and branches, and placed in such positions as to compel a 
perfect distribution of the air. If made too small, the air will find other 
and easier exits. With a given volume of air moved, a low velocity 
results in very little loss of pressure by friction, but requires large 
passages; while a high velocity entails a decided loss by friction, with a 
marked decrease in area of passages. 

"Between these two extremes of loss and gain, a fair average must 
be taken. This may l>e attained by allowing a velocity of from six to 
twelve bundled feet per minute for main and distributing ducts. Much 
higher velocity may l>e required under some circumstances, as when the 
apparatus is not large enough for the work. 

**The dimensions to l>e given these ducts or passages are absolute 
ones when the quantity of air to l>e moved shall have been established 
by the numlier of persons and their supply, and when the velocity of 
the movement of the air is determined or accepted. The velocity of 
movement is limited on one hand by the motive power applied to 
impel the air, and on the other by practical dimensions of the ducts 
accepted in the construction and passages." 

• H. F. Sturteyant Circular, 1888. 
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TABLE No. 31. B. F. S, 1873. 
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TABLE No. 33. 

WEIGHTS OF GALVANIZED IRON PIPE IN POUNDS 

PER RUNNING FOOT.* 
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For general ventilating purposes, pipes under 10 inches should be No. 24 piuge. 
10 to 15 inches. No. 22; 15 to 24 inches. No. 20; over 24 inches. No. 18 gauge. 

PROPER CONSTRUCTION OP GALVANIZED IRON AND BKICK VENTILATING FLUES. 
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THE BEES FURNISH A PRACTICAL. EXAMPLE.* 

»MAGINE 11 dome-shaped building, perfectly tight except through a 
small hole at the bottom, oapable of containing thirty or forty 
thousand animals Lull ol life and activity, every portion of the 

enclosed Bpsoe that qui be spared being filled with curious 
machinery — the problem is, how to warm and ventilate such a space 
so as i" maintain a proper temperature, and yet to give to every indi- 
vidual within it a proper supply of air. 

Now, this is the condition of a common beehive; and, if with all 
DOE machines and contrivances and scientific resources, the combined 
operation of warming and ventilating a room I>e difficult or unsatis- 
Eaotory, how Infinitely more bo must be that of a small beehive, crowded 
with bees, the greater part of the interim' filled up with combs of waxen 
cells, and only one small opening for the ingress and egress of the 
inhabitants, or for the escape of foul air and the entrance of fresh ! 

It must uot be supposed that, because the vitality ■>€ insects is 
greater than that of warm-blooded animals, bees are not affected by the 
same agencies which affect us, for they are so, anil in a similar manner. 
They fall down apparently dead if confined in a close vessel; they 
perish in gases which destroy us; they perspire and faint with too 
much heat, and are Frozen to death by exposure to too much cold. 

(Then from any eireii instance, such ils exposure to llie sun, over- 
. ■: the excitement produced by fear, anger, or preparation for 
swarming, the temperature of the hive is greatly raised, the bees evi- 
dently suffer. They often perspire so copiously as to be drenched with 
moiatun : and on fine summer nights thousands of thein may be seen 

hanging out in fesl is am! clustei of relieving the 

crowded state 'if the hive. 

On inquiring into the method ado] 9 I'm- renewing the 

air n|' the Live, Huhcr was appearniiee of a 

ol Llio workers arran iiti-ance hole, a 

little within the luve, iiicessi sir wings. 

• Tomllnmn, "Kin 
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"The worker liees perform the office of ventilators, and the number 
at one time varies from eigtit or ten to twenty or thirty, according U» 
the state of the hive and the heat of the weather. I have frequently 
watched their proceedings with interest. They station themselves iii 
tiles just within the entrance of the hive, with their heads towards the 
entrance, while another and a larger party stand a considerable way 
within the hive with their heads also towards the entrance. 

"They plant their feet as firmly as possible on the floor of the hive, 
stretching forward the first pair of legs, extending the second pair to 
the right and the left; while the third, being placed near together, are 
kept i>erpendieular to the al>donien, so as to give that part a consider- 
able elevation; then uniting the two wings of each side by means of 
the small marginal hooks with which they are provided, so as to make 
them present as large a surface as j>ossible to the air, they vibrate them 
with such rapidity that they l>ecome almost invisible. The two sets of 
ventilators, standing with their heads op|M>sed to each other, thus pro- 
duce a complete circulation of the air of the hive, and keep down the 
temperature to that point which is fitted to the nature of the animal. 

u The laliorious task of ventilating the hive is seldom or never inter- 
mitted in the common form of hive either by day or by night dtfqng 
summer. There are separate gangs of ventilators, each gang being on 
duty aliout half an hour. In winter, when the bees are quiet and their 
respiration only just sufficient to maintain vitality, the ventilating pro- 
cess is not carried on ; but, by gently tapping on the hive, its inmates 
wake up, increase the number of their respirations, and consequently 
the temperature of the hive to such a degree, that the air becomes 
intolcrahlv hot and vitiated. To remedv this a numl>er of worker bees 
go to the entrance of the hive and begin to ventilate the interior as 
hilariously as in summer, although the oj>en air be too cold for them to 
venture out. By this process the bees also get rid of noxious odors in 
the hive. 

" In order to see what effect a similar fanning would produce on the 
air of a glass receiver containing a lighted taper, M. Senebier advised 
tin* eonstruetion of a little artificial ventilator, consisting of eighteen tin 
vanes. This was put into a 1k>x, on the top of which was adapted a 
large cylindrical vessel of the capacity of 3,000 cubic inches. 

" A lighted taper contained in this vessel was extinguished in eight 
minutes ; but, on restoring the air and setting the ventilator in motion, 
the taper burnt brilliantly, and continued to do so as long as the vanes 
were kept moving. On holding small pieces of paper suspended by 
threads 1m? fore the aperture, the existence of two currents of air became 
evident; there was a current of hot air rushing out, and at the 
time a current of cold air passing in." 
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The problem of setting in motion quantities of air sufficient, to 
supply the requirements of ventilation, and so to direct this air as to 
secure a maximum <if movement with a minimum of expended power, is 
ii Mechanical problem that becomes important, both from the standpoint 
of work aooomplhihed and economy of doing it. 

In the system of forced circulation by means of that universally 
adoptcd machine, — a fan or blower,- — the action is absolute and positive. 
Mr. Briggs states that: "in nil mechanical appliances, that is simplest 
that most directly and positively effects the purpose in view ; and, in 
tlii* matter of Supplying air, it may be claimed that the process of 
impelling it, when and where wanted, is at once the must certain ami 
efficient, and that the fan (in its form of a rotating wheel with vanes for 
large uses) is the simplest and readiest machine for impelling air." 

The whole matter cannot be better expressed than in the words of the 
late Robert Briggs,- a man of large experience in practical ventilation 
and heating: " It will not be attempted at this time to argue fully the 
ad vi mtages of the method of supplying air for ventilation hy impulse 
through mechanical means — the superiority of forced ventilation, as it 
is called. This mooted question will l>e found to have been discussed, 
argued, and combated on all sides, in numerous publications; hat the 
ameflMten "f all it that, if the air tx wanted in any particular /'lure, at 
,>ii'/ fi"eti- I'/ar EMM, il mi'-'i be put there. 

" Other methods will give results at certain times and seasons, or under 
certain conditions. I )ne method will work perfectly with certain differ- 
ctiecs of internal and external temporal tires, while another method 
succeeds only when other differences exist. One method reaches to 
relative success whenever a wind can render a cowl efficient. Another 
method remains perfect as a system if no pe.rs.on opens a door or 
window. No other method than that of impelling air by direct means 
with a fan, is equally independent of accidental conditions, equally 
Officiant fur a desired result, or equally controllable to suit the demands 
nf those who desire ventilation. 

"On the other hand, when the air is forced in, its quality, temperature 
and point of admission are completely under control; in a word, the 
method ia pot&ivt ; all spaces are filled with air under a slight pressure, 
and the leakage is outward, preventing the drawing of polluted air into 
the room from any source." 

We shall so' in the follow ing pages how fast air must pass through a 

tin. in until tn Bupply the requirements of respiration. We have also 

seen that this current must be properly distributed and be of a certain 

.!/ni humidity. Now these conditions are approached in 

I degrees bv •' of heating and ventilating : hut in 

■:> hat tl vithout the aid of mechanical mean*. 
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As applied to theatres and halls of assembly, the fan is usually 
employed for forcing the air into the room on what is called the plenum 
system, and instances of its application in this way will be found in the 
House of Representatives, in Washington, and in the Vienna, Frank- 
fort, and the Madison Square Theatre, New York, to which further 
reference will be made. 

Arranged for hospital ventilation, the great utility of the fan lie.s in 
the power which it gives to rapidly flush the wards morning and even- 
ing with large quantities of air. The effects thus produced are shown 
in the Barnes Hospital. 

In some of the larger insane asylums of this country, the propelling 
fan is used as a constant source of ]>ower, as, for example, in the New 
York Asylum at Utica, where two fans are employed for this purpose. 
Each of these fans is twelve feet in diameter, having a cross sectional 
area at the point of deliver}' of a little over forty square feet. 

About 1840 J. J. Walworth & Co. employed mechanical ventilation 
in the Boston Custom House, using a fan turned by a steam engine. 
This was, i>erhai>K, the first attempt of the kind in this country. The 
next fan-work was at the Utica, N. Y., Insane Asylum. These fans 
were made with radial blades at right angles to the axis of rotation. 

In the vear I8f>f> Mr. Nason was associated with Gen. Meigs and Mr. 
Roliert Briggs in experiments connected with the wanning and ventila- 
tion of the Capitol at Washington. 

Of the later operations of the Walworth Manufacturing Company in the line of 
steam heating and ventilation, wo need hardly refer, since their distinctive work is 
well known from the State of Maine to Texas, from the Atlantic to the Pacific Oceans. 

As, however, this line of public work has for the last twenty years been under one 
chief direction and superintendence, a brief personal reference is in order, as the 
writer has had much pleasant and profitable exchange of ideas and methods with 
this educated and progressive engineer. 

Levi F. Greene, M. E., had a liberal education and a full apprenticeship at the worta 
of George Corliss, Providence, It. 1., had seen also several years' service as chief 
engineer in the United States Navy, before and during the Civil War. He engaged 
with the Walworth Company in IStiO, and soon after took charge of the outside opera- 
tions, or those directly involving the warming by steam and ventilating large public 
buildings. Of the many institutions so heated, we can note only a few, beginning 
with the Buffalo City and County Hall, 1873; Hospital for the Insane, Columbus. 0., 
and Pontiac, Mich.; Michiyan State Capitol, Lansiny, and Ayrirnltural Colleyc; Ionia 
State Prison, Peoria County Court House, Illinois; John Shillito Iinildiny, Cincinnati 
().; Iowa State House, Des Moines, la.; Hospital for the Insane, Austin, Tcjc., and 
Ely in f III,; Indiana State House, Ind.; Southern Hotel, Turner Iinildiny, and Cmnstork 
Huildiny, St. Louis; Wrsttmcn Hoardiny School, offices Lehiyh Valley Railroad, I'".' 
Memorial Church, South Bethlehem, Pa. 

There are hundreds of lesser institutions, corporations, and industrial structures. 
These, however, have been referred to in our mention of the Overhead Steam System, 
Chapter XX1L, pages 30S-4O1. 

For proiwrtiong of these fans anil power required, see table No. 35* £, page 557. 
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While it is not the writer's intention to attempt any general tv\ lew 
ox analysis ■>( the several machined which have been employed, and aw 
now used fur the propulsion and supply of air under pressure for com- 
BMreisJ and genera] uses, Borne attention will, however, be given to 
tin.- class nt (Est wheels end tuns best adapted to supply large volumes 
of ,iii' at tin- tow pressure and velocity required in systems of beating, 
drying, ami ventilation, this being in a measure nei .•i.-ss-iry ;\> an inin>- 
duction and explanation of the fan designed and used by the anther, 
ami as forming a basis of comparison between the cost of any air move- 
ment, in chimneys or fines produced by heat, and an equal supply of air 
bj mechanical methods. 

This is really the vital point in :tll ventilating operations. The experi- 
ments nl the author have been tabled, and the views of several able and 
pra< tn ;d engineers brought to bear on the matter. 

Of propeller* for moving air, many kinds have been used, among 
which limy lie mentioned those of CoinUs. Kit longer, Hides, Howorth, 
Boots, Chaplin, Lloyd, Wing. Hope, and Klackman. Most of these are 
in some form of revolving disk; the floats are so placed as to eel in 
motion the air outward radially, thereby oreating a partial evacuum 
near the axis. 

The object of any fan is not only to -set in motion large quantities of 
nil*, hut to set it in motion in smh a manner as not to produce loss by 
opposing eounter-cuircnts and by useless friction. 

Air. on account of its extreme mobility, requires primarily very little 
power to move it; but when it is forced through small apertures, or 
in motion in such a way sis to produce cross currents, great po« ar 
may be required to accomplish a little work. 

Without intending any adverse criticism on this useful class of 

ntilating wheels that have done so much efficient work, in all kinds 
of places and conditions, it yet seems entirely within the scope of our 
inquiry into ways and means of moving air to note the peculiar and 
distinctive condition under which all disk and cone wheels do their 
work, and the possibility of securing still more favorable results, espe- 
cially where large volumes of air are required, at little or no pressure. 

In the construction of all radial, or sorew-hladed fans moving the air 
parallel to the routing shaft, but small blade area can be secured with 
saj given diameter of wheel, since, in dividing the plane of any circle 
radially from the centre, area of blade is obtained only us we leave 
the centre, and attain distance from it, therein - securing an increasing 
velocity as we approach the periphery and larger blades, due to the 
larger circle. 






Dividing the whole plane of any disk wheel into three circles or areas, 
it will Ik? seen that the first circle around the shaft is of little or no 
value except as space for the shaft hub and heels of the blades. Suppose 
this wheel to be of six feet diameter, the space bounded by a circle one 
f(x>t around the centre is practically useless ; the next portion of the 
circle, one foot wide around the first circle, is really the first effective 
area for blade duty ; while the next plane or circle of one foot (outside 
diameter six feet) has four times the value of the last, all this owing to 
the increasing velocity, due to the distance from the centre, or dead 
point, and regardless of the number, form, or pitch of the blades. It 
was doubtless a consideration of these facts that led Blackman to 
increase his blade surface at the point of greatest diameter and effi- 
ciency. That blade area in a fan wheel represents piston area in the 
steam engine or pump, should go without saying, also, that reduced 
piston or fan blade area means loss of efficiency and unnecessary increase 
of power to accomplish a stated duty. 

In the circular of the manufacturers (Howard and Morse) the claim 
is made for great additional feed area due to this end flange, and draw- 
ings are given to show the amount and effect of this end feed, also the 
alwenee of a practical feed area in a blast fan of entirely different con- 
struction. Whatever may be the real utility and value of this curving 
the end of the blade, this comparison and illustration does not seem a 
fair one, since, if any such wheel as the one shown (inlet six and one- 
fourth square feet, outlet three-fourths of one foot) was ever made, it 
was not designed for the same uses as the wheel compared with it. 

At the same time it is clear that increased blade area at the periphery 
of a disk wheel is an effort in the right direction, since it has been 
extensively copied by other wheel manufacturers and as extensively 
objected to by the owners of the Blackman wheel. 

On the following pages will l>e found two examples of air propellers, 
the Blackman 4k peripheral flange " and the Wing disk. These are 
shown as representing the best features of this distinctive class of 
ventilating wheels. 

The principal claims for the Wing disk are simplicity of construction, 
light weight, and thus economy of power. The blades are curved and 
have an expanding pitch, thereby increasing the amount of air moved, 
and thus also reduce the 4 c slippage." The blades are adjustable, and may 
be set to suit the conditions under which the fan is to operate, and the 
currents of air can be reversed without changing the fan, belt, or pipes. 

In the Blackman wheel the distinctive and principal advantage is the 
form and construction of the blades, by which greater strength and stiff- 
ness is secured. For efficiency, see page 554. 
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The Blackman Air Propeller. 
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VOLUME OF AIR DISCHARGED AND POWER REQUIRED 
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TABLE No. 35. 

Experiments with a 48 -inch Blackman Fan, 

WITH STEAM POWER. 

G. k. SUTEFt. M. E. 
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Itcgardiug tin- final issue of Clio real efficiency of this class of fans of mure than ptf> 
iiig interest, we may glance at some other conditions aud results M>1 ibmni in tin 
preceding table (take 11 rrun the BUekman circular). This shows, us seen, the Tolume 
oi Mo' iii 1 per niinnti'. and the hone-power required to simply keep tl 1 
at tln> various sp- o<l «lng one of the conditions under wUoh h 

are often placed, as when transferring the air from one side of a partition l» the i.tln-t, 
exhausting air from a dining or dry room to the outer sir. 

In the first (our experiments, the only resistance to Mil- How of the nir was the (no- 
tional resistance of the tube and the fan passages, and the resistance enured by th( 
, contracted vein at the entrance. In the second two lets, the passage of the air was 
obstructed hy a diaphragm of cheese-cloth placed within the tube; and Ibis addftiBMl 
resistance was. ascertained hy a water gauge in the usual WaVj . 

It is often necessary, however, to move the Mr ■ cm tain dlatanea before it can be dis- 
charged. In such eases the in is gathered and Conducted awaj in pipes. If of large 
area and entirely unimpeded, it would seem lh..t such deliver) might tie ti rrncd ftee: Init 
wo soon see that it is not so. as even a pipe 30 feel long and 43 inches in diameter impose* 
a certain and delinite loud mi (lie wheel, and such load increases as the pipe is leu. I 
obstructed, as the air would he in a system of pipes arranged for ventilating a hit i Mine. 

Condensing the results shown by both tables, we may note thai, fur iiiuin 
•imply off the blades of the wheel, the relation of power required to air nin-. 
as high an 70 per cent. That when gathering the air and discharging through an open 
pipe ■ !<.' feet hmg. the ellieieney tails to oil per eon I., or nearly one llft.1i less than in the for- 
mer case. Obstructing the pipe on the inlet side of the fall to tht 1 
of water pressure, we find that the efficiency /nil* to 88 per cent, while 
the same obstruction, the efficiency falls to 2l> per eenr, and thus !'■■ lotal vctm-ir rffiriruq/ 
for thtte three condition* ami tit «n difftri nl experiment* .'<■ 40 per cent, and Ihit tynni sult- 
rtaatiaUy with the writer'* e-rprrimenf* with the Centrifugal and lH*k WkeeU \ 
38) except that the wheels employed being smaller, 2 feet in diameter, showed a some- 
what less efficiency. Forpuwerti>o]wnite other wheels, we tabic* Mae. SS'» and 38. 
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PLATE No. 48. 
WING'S DISK FAN AND ENGINE COMBINED. 
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Heat: Its Science, Production, and Application. 
ACTION OF A CENTRIFUGAL FAN. 

in theat Emm notion ia do) com DJcated totbe~air i>v impact, but 

i ■■ i'i, ijulh by centrifugal bice, whit b causes 1 1"- air between tlie vanes 

evolving wbeel to be thrown to the periphery, 
rim j by [In- casing, and obliged to move in .1 regular geometric sj<ir,il 
until it i* released si tbe opening ot the doc) which defiven 
tialh- to the wheel. The same principle baa numerous other applica- 
tions, on, for eiamplo, the eentrifaga] pimp for discharging ti 
.ii wringer for erpelling moisture fr doth, etc 

As the mi- is exhausted from the oentn of tin- wheel, move enten 

through the circolar opening! dther tide ol the axle; thus pressure 

ia constantly generated 1« ri ■ and between one wheel ami 

the casing, whieb aervea as a ipring to onsets motion. 

A- the air ao^nirea relocityron leaving the wheel, tma [imamii diowv 
iehes to a point a little beyond tbe month of the oatLel where the air 
baa its maximum velocity, Were tl«' delivery perfeetljf free, then 
would Ih 1 im pressure linv aililitirmal to that ni tbe iiinuisjilii'i-,.* : hm, 
owing to the viscosity of the air and it.s oonetaat displaoen 
is slway ■ some resistance against wbicb the wheel baa to 'it-liver. This 
is very small, however, with few pstsefttss, when the air ia 
in Mil .11 tin- discbarge, or is " free," and ia generally omitted u 
iug the "work." Where the air is at all obstructed, eithm 
tain or by passing through ducts, there ia a back pretmu*. 

If tbe month of the outlet is small, the velocity 
This is ihe condition in the fans used m blowen to ezeab 
through small nozzles or "tuyere" inserted in the burning fuel; hen 

the 11 nit of air delivered may !«■ relatively small, and the principal 

work of tbe fan is against pressure. 

In tbe case of ventilating funs the outlet should I* bugs, thus insur- 
ing a huge volume of air at a low velocity, the work of the fan being 
to overcome the inertia of a weight uf air, sod its secondary toad the 
resistance "f tbe passages ami duett*. 

■ HEATING AND VENTILATION OP THK MASS. DISTITUTB OF TECHNOLOGY. 

Centrifugal cone fan, a modification uf thu fitnrtevout type, 12 feel, in diameter, 
4 feet in depth; spider has 12 arms, floats JO inches at bast', 20 inches in front. 
Diameter ot fan iiumih or lalst is B teat 

Kan i« unhoused, the air passes tbrou"h its open periphery, the com- facilitating 
tho change in the direction of air. Area of flue opening!, S3 sqnara (est, &Mt ■■: 
periphery dischnrge, 144 square feet. At 90 revolutions, and IS in.ii. 
power, 86,000 cubic feet of air were discharged per minute. 8,818 poem 

■ «> ,iim:l,<tni<-tl !>"' """"I--- H'uri,/' ">'-/"■»""'" t»-r ».'c(MiiJ, l'W -^-04.2 « -- 
horae-youcr work pttttKQ Hit air in motion. 

Work per second anaiimt pressure of jr inch = 5.2 i i — OS ]>ounds per square 
- 0i pounds ill i 3S0 = 2 horse-power -+ 1.6 horse-powei 
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TABLE No. 35J4. 

Proportions op Cone Ventilating "Wheels 
and power required. 

By ROBERT BRIGGS, C. E. 
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•Double tin- quantity of air will be delivered each minute if tlie resistance to discharge 
or suction is brought down to one half the pressure given in the pressure column, and 
tin- pressures iniij be increased [tlie number "f tin- ri-Yoliiliiitis ,,] tin- fans remaining 
constant), by closing partly the inlet or outlet, the quantity of air delivered being grad- 
ually diminished until the inlet or outlet be entirely shut off, when the pressures will 
have risen to double those stated in the table. 

" The dimensions uf pul leys mid lull refer to the largest capacity of the fans given in 
the table, it being supposed that it may be desirable to rango from the lowest quantity 
mid pressure to the highest in each ease. 

"•" The sectional area of the inlet or suction air-duet or passage should exceed the area 
given by 1.4 time, to allow a fan to produce its fullest effect. It has been found, when 
it was inconvenient to make the Hir-dncts or channels of full sectional area to the end of 
a system of distribution, by enlarging thus O.0O25 per foot of length, so tliat outlets and 
channels, at the distance of 400 feet, were provided with double sectional areas, that the 
falling off of pressure was satisfactorily tempi nsated for, at the more distant outlet. It 
is obvious this rule will not apply to very small air passages. 

When the relationship of i|uantity and pressure corresponds to that given in the table, 
and it is never espoeted that a larger quantity will be required at a reduced pressure, 
Ibf Motional area of the delivery air-duct may be reduced one-half, or nearly to that 
extent. The sectional area given, admits the passage of double the quantity of air at 
one half the pressure. The frii tinnal resistances of the sides of a duet are su cmisidei- 
alde, that the largest duct possible should always be used, even when somewhat in 
excess of the di incus ions given as those desired. 

t Doubling the diameter quadruples the discbarge and the power, 
tt Doubling the velocity requires seven times the power. 
ttt Pressure water column, 0.31 inches, tttt 1.23 inches. 
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TABLE No. 36. 

•PROPORTIONS AND POWER FOR CENTRIFUGAL FANS. 
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The power which nek a fan will require t.. Mm it d. [«utls very much on the 

velocity of the current of the air i-suing fr.'in It; i it, th peeper i* ilirrctly a* Ike 

■geen qfllu MlooUgt owltHwfl lb rnesfdern 

lli.it velocities in the ratio 1, *.'. -'., etc.. require power- in Um ratio 1. 4. ''. 

i* .i [n-iu tii ;il limit, however, to the extent to white DOWM MOjJ b« reduced liy reduc- 

itiK tin- speed ; fur at very low velocities tlio current is apt to b« retarded, or even 

overpowered nd lereieed bj advent winds. 

It in known that the velocity actually realized in paeHea b considerably lew than 
that due to the actuating force, the ratio varying with the lengths of the passages 
and the number ol successive e id argem cnls anil contractions; on the large scale we 
may admit the- ratio of .42:1 for the volimity, ami .423 ' »r . 170 for the power required 
to drive the fan. Thus, Say we required such a volume of air that the actual velocity 
through the passages must lie 10 feet per second, anil the theoretical power for that 
velocity was one horse; then the speed of the fan must he calculated for I" 
feet per second, and the power of the engine will he 1 -7- .423' = ft.'! horses. Iful for 
most eases we may admit the ratio of the real to the theoretical velocity to he half or 
.ft, and the power to he .5* = .30; admitting this, and assuming ft feet per second as a 
good real velocity, we must calculate b~ .5 = 10 feet per second in determining the 
revolutions of the fan and the power required to drive it, the real velocity of dis- 
rhiirye being only ft feet por second. Then with a velocity of 5 feet per second, or 
.loo feet per minute, the fan, having an exit opening of 7-ft square feet, meH 
discharge 7. ft 1 300 = 2,250 cubic feet per minute, or .0701 x 2,250 — 171 pounds of 
air. The head duo to 10 feet velocity by the laws of falling bodies is |10-f-8>' - 
1.50 foot, and the mechanical work to he done i» to raise 171 pounds of air 1.50 feet 
high per minute, or 171x1,86 — 161 foot pounds. 

The abuve table has been calculate! tide way. The centre of effort of a fan is 
alwut seven eighths of the extreme diameter, or, in our case. ft x 7 — - 
the circumferenco of which is 4.3S x 3.14 = 13.7 foot, ami (or 10 feet per second, or 000 
feet per minute, wo shall require 000 -f- 13.7 = 44 revolutions per minute. 

In cases where economy of power is not a matter of primary importance, a greater 
velocity may be permitted; thus, with a double velocity. Or 10 feet per second, of 
course a double volume of air will be discharged, aud the power quadrupled, becom- 
ing 207 x 4 = 1.00S foot pounds. With a 5-foot fan discharging air with verities el 
5, 10, 1ft, and 20 feet per second, wo require 44, HS, 132, aud 17tj revolutions per rniu- 
ute, aud power equal to 2117. 1,00S, 2.403, and 4,272 /mil. ptmudri respectively. 

ftoTI Th*abuit i« tlteornical : prticlUyilly, llwj-nirer it I no jw tent greater. iHj,i^ 

• Treatise nil Meat, Thos. Box, London, 1889. 
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Mills's Centrifugal Wheel. Outlet Reduced. 

Disc Wheel, Conical Discharge, Outlet 

Reduced to 14 inches diameter, . . 


Mill's Centrifugal Wheel, Outlet Reduced 
DtM Wheel, Conical Discharge, Oullet 


Mills's Centrifugal Wheel, Outlet Full Siic, 

Disc Wheel, Conical Discharge Pipe 4 

inches long ; diameter, 22.4" 


Mills's Centrifugal Wheel, Scrolled Casing, 


Mills's Centrifugal Wheel with Open Pe- 
riphery. Site of wheel, 2' diameter; 
width, 13I". Exhaust, 

Disc Wheel or Air Propeller, Free Dis- 
charge. Siie of wheel, 2' diameter— 452 
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The author's study and experiments on fan wheels and motors com- 
menced, as seen by Table No. 87, in 1881, and were continued from 
time to time until satisfactory results were reached. 

The primary object in view was the discovery and adoption of a 
method of moving air for the ventilation of schools and churches not 
dependent on gravity, or the natural conditions of temperature. 

The matter involves, as seen, two separate studies — one that of 
motors for supplying the power required, and another into the kind of 
machine to l>e driven, the rotation of which should result in a large 
volume of air, and at the least possible exj>enditure of power. 

After much inquiry and examination into the existing machines or 
fans for moving air, the writer did not find any one upon the market 
that seemed to meet the requirements of this distinctive and difficult 
class of work. 

To arrive at some practical and definite information, a centrifugal 
fan was constructed on the lines laid down by Thomas Box, and gradu- 
ally altered as exjieriment showed improvement in one direction or 
another. Some of these exj>eriments are seen in table No. 37, page 5o9. 

In order to see exactly what was required to drive the fan, a pulley 
and weight was brought to bear, by turning the fan shaft into a wind- 
lass and winding the running cord from the sheaves around it. The 
upper block was susj>ended in a high tower, and weight was added to 
the lower block, which, falling through thirty or forty feet, gave 
motion to the fan and time to okserve the results. 

The distance fallen by the weight was read on a vertical scale of 
about thirty feet in height. The number of revolutions of the large 
driving wheel were counted ; and this, multiplied by the ratio of the 
diameters of the two wheels, gave the iiuiuIkt of revolutions of the fan 
(column D). The velocity of the air discharged from the fan was taken 
by an anemometer directly in front of the fan at the discharge opening 
the position of the instrument l>cing varied so as to secure an average 
velocity. From these data the work of the power applied (column 1) 
and the work recovered in moving the air (column J) were determined, 
and the percentage of power utilized (column I ), which shows the com- 
parative efficiency of the two fans for the several conditions. 

Later, the water pipe was brought into the experiments, and small 
motors run by the hydrant pressure were put to raising the same weight, 
which had l>efore driven the fan, until finallv the motors were belted 
directly to the fan shaft. We now had a falling weight and one that did 
not require returning to the height from which it had fallen, and were 
able to determine both the weight of the water, and the weight of the 
air that was put in motion. The sukstanee of these experiments was 
k. condensed, and is seen in the following table. No. 38. ,. 
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Diagram 34, 
page 585- 
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DESCRIPTION OP THE MILLS FAN. 

The objective points Bought in this wheel were: — 

1. A large volume of air with the least ]>ossible i>ower. 

2. Li*jhtness % strem/th, and low cost of construction, and that it should 
he perfectly noiseless in operation, and require little attention. 

As 1m* fore stated, investigation showed that, to move a large volume 
of such a yielding and unstable sulwtance as air, there must Ik* a large 
area of Made* moved at a comparatively slote velocity, to avoid slippage 
and fa** from the air takiny other directions from the one sowjht. 

The reasons that determined that the fan should be "centrifugal," 
rather than "radial," in its construction and action have already been 
foreshadowed in our remarks on the disk and cone wheels. 

By examination of the following figures, elevation and sectional plan, 
it will Ik? seen that this is a fan wheel of the centrifugal type, of large 
diameter and great width, the proportions lieing, diameter twice the 
width, with two inlet ojH?nings of three feet each, and a discharge 
o|M»niug of from twelve to fourteen square feet — equal to a pipe four 
and a half feet in diameter. 

The shaft passes through the case at right angles; from this pro- 
reed the arms carrying the ril)s, to which are secured the blades. 
These blades are of light sheet metal, curved on a true circle, with a 
radius of three eighths the diameter, struck from a circle of about 
one third the diameter, which gives inlets to blades of eight inches, 
gradually increasing to the outlet. A blade is thus secured three feet 
wide hij four feet /</////, equal int/ ttcelre square feet, and of excluding 
pitch from the heel or inlet to the periphery, so that the air is 
gradually put in motion and discharged with a velocity equal to three- 
fourths that of the extremities of the blades. 

The noticeable fact alnmt this fan is that the blades travel inainlv 
in the line of the current of air instead of across or at an angle with it, 
the heel of the blade (at a distance from the dead centre of eighteen 
to twentv inches) has a certain value, coustantlv increased as a further 
distance is reached towards the jieriphery: thus there is no slippage 
or tendency towards it, even when compressing the air at the discharge 
outlet. This is shown in the preceding table, No. 38. 

The hoods or chandlers surrounding the inlets to the wheel oj>erate to 
cut off the side currents producing a fcfc veni contractor," which diminishes 
the flow of liquids through an opening in a thin plate. The roller bear- 
ings are not required except in the largest sizes — seven to ten feet. 

The smaller sizes will be mounted on cone centres the same as 
lathes, further reducing the friction, and dispensing with oil for the 
1 Hearings. For general proportions and power required, see page 558. 




The Warming And Ventilation of IH'il-dikgs. 
PLATE No, 49. 

Mills' Fans, Elevation, and Section through Centre. 










Plan showing Shaft, Blades, Hood around Inlet, and Roller Bearings u=ed 
larger sizes. See also Table No. 38, Exp'ts on Centrif. and Disc Whe« 
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SOME APPLICATIONS OP THE MILLS SYSTEM OF VENTILATION 

BY PAN AND HYDRAULIC POWER. 

The exjieriineiita to determine the conditions surrounding the heat- 
ing and ventilation of school buildings were made, as seen by table Xo. 
37, in the year 1881 ; but they were not carried into practical effect 
until the writer removed to Buffalo, N. Y., in 1883, 1884, the lirst fan 
lieing put into school No. 13. For description of this apparatus, see 
rejjort of Commissioners, pages 400 and 508. 

The next application of these machines and methods was to the six 
isolated buildings of the Buffalo State Insane Asylum, in 18*4, 188/i. 
For schedule and rejjort of the Commissioners, see pages 118, 111*; also 
pages 449 and 4o0. A little later, or in 1880, school Xo. 10 was 
wanned by a water circulation, the air }>eing mechanically exhausted 
by the Mills fans. For rejwirt on this building, sec letter of Professor 
Fish, pige o23, also that of Architect Wm. B. Allen, page f>07. 

In 1880 these wheels were put into the Court House at Springfield, 
Mass. It was at this city that the combined water-heating and venti- 
lating appiratus was employed in the county buildings, lSHS. For full 
description of this plant, see Chapter XXIV. and letter of the 
Commissioners, pages 448-o0. There was another fan and system of 
water heating put into the Bay Street School at Springfield by the 
Phillips Manufacturing Co. See report of the inspectors, table Xo. 24. 

A further use of this svstem of ventilation was in the reheatinir ef 
Trinity Church, Boston, Mass., 1S88, Rev. Phillips Brooks, rector. 
Description of this tine church and the arrangements for heatinir will 
1h» found on page 4ol. A duplicate of this apparatus was also put int«» 
the new Eliot Congregational Church at Newton, Mass., lSK<>. The 
contractor for this work was All>crt B. Franklin, Boston, who later 
adopted the svstem for the new and old college buildings on College 
Hill, at Worcester, Mass. There have also l>een several other applica- 
tions of this ventilating apparatus. One is just l>eing completed in the 
new City Hall at Haverhill, Mass. See page oOO. 

Churches and schools are not favorablv circumstanced, as regards 
the employment of mechanical ventilating wheels, if such wheels 
must l>e driven by steam power; since steam at any considerable pres- 
sure is undesirable, and should 1k» ruled out of the available 
mediums for either heat or power. This is now generally understood, 
owing to the poor and unintelligent janitor service usual] v employed 
in these buildings. Of six applications of steam-driven ventilating 
disk wheels in Boston school buildings, at least four of them have been 
discontinued, while the other two are operated at a great disadvantage, 
and under protest from the principals and Supt. of Public Buildings. See 
annual report 1800 of Inspector of Hygiene, Dr. John B. Moran. 
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HEATING AND VENTILATING Of THE BUFFALO INSANE ASYLUM. 

Tne first apparatus constructed and finished with the building, 1881, 
traa Bol satisfactory, either in heat or ventilation, requiring 25 pounds 
uf steam Eat cinmlal and gave constant trouble; water of 

condensation did ii»i return to the boiler-room but to hot well, 14 feet 
below boiler-room floor. 

The ventilation on the ptonom system was a failure. One half of 
ail tin.' ;iir pal in motion by a 12-foot fan and large steam engine was 
lust before reaching the huili.lirigs. three of widen received no air from 
this source. The stoppage of the engine at night deprived the build- 
iugs of even the small day supply. 

The Nason ventilating fan wheel was 12 Eeet in diameter by 5 feet 
wide; inlet opening. 28.25x2 = 56.50 square (set; revolutions per 
minute, 100; air discharged, hg theory, 140,000 cubic feet; per hour, 
8,400,000 ; and the horse-power (13), required to put this air in motion 
cost (4 pounds of cn.il per hour per horse-power), 4x13 = 52 pounds 
per hour, or 024 pounds of coal per day ; at to per ton, #1.56 per day ; 
BOSt of attendance, nil, etc., $1.50 per day. 

Bi/ experiment the nirper minute was only 116,000 cubic feet delivered 
at the outlet from the fan; x 60 = 3,960,000 cubic feet per hour. At a 
distance of ROOD! 400 feet, or previous to the first use of the air, only 
3,000,000 cubic feet per boor was found, or a loss of 25 per cent. 

The demand far the central building, wards A and It, is about 
1.200,000 cubic feet per hour; and the final 3,000,000 cubic feet only 
avails for this demand. 

T/ni" onlg el", nt 80 per can* ■•/ ott '/•■■ act ttorted fivm tlt<- fan was 
Hi //;.:■■■/. and <!><■ east <>f toeh 100.000 ,.„/,;,■ /■-.■' < : f <m- nct&ally tUlmnd in 
tasM bvililitti/* is ilnul'li' ir/ntt it fin, ill, I !>.'. 

* At the reconstruction of the apparatus, 1885, by the writer, 14,000 
square feet of radiating surface wot removsd, the piping changed, and 
tlic pressure reduced. The ventilation was also changed from the 
ptnntM to the asaoual system, each boilding having its own fan driven 
by ;i vateT motor. Later these were changed to steam engines. 

Briefly, the general features of the ventilating apparatus and the 
results may be suited as follows : Each building has its own fan and 
motor, which are under perfect control by means of a single valve in the 
basement, and capable of driving the fans from 50 to 70 revolutions per 
annate, as more or less water is used. At 50 revolutions of the fans, 
6 feet in diameter, a velocity of 500 feet per minute is given the air at 
the discharge openings, which arc from 10 to 20 square Eeet, as the size 
of the building requires. 
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SOME LATE EXAMPLES OP VENTILATION. 

•••Elicit Church, Newton. — This building, recently constructed, 
is one of the finest structures of ita kind in the State. The introduction 
of fresh air is amply provided for, also means to remove the vitiated 
air therefrom. The cubical contents of the large audience room is 
502,250 feet. The vestibule and side room have 26,531 cubic feet in 
addition. The introduction of fresh air is very uniform in its cliar- 
aeter. The entire structure is heated by two of Mills' patent water- 
heating sectional boilers, each equal to 30 horse-power. Under the 
main audience room are 6 large air chambers, in which are stacks of 
(rold's pin radiators, equal to 2,400 feet of surface for heating air that 
enters the church ; not including the vestry, which is provided in a 
similar manner with hot-air chambers. For these chambers, above 
descrilxnU are lb* openings through the floor to the main audience 
room, with registers 14x18 inches. In addition to the indirect heat 
there are 2,f>00 square feet of surface in vertical radiators, arranged 
under the windows and near the several entrances, to counteract the 
cold currents coming from that direction. 

••The vitiated air is removed from the room through 8 registers in 
the floor, 10 by 8(5 inches, and two 30 by 30 inches. These openings are 
connected under the floor, by graduated metal pipes of galvanized iron, 
to two 42-inch pij>es ; and through these pipes the air is exhausted from 
the church by the use of a Mills fan, to which the 42-inch pif>es are 
connected. The fan is operated in the basement by a Tuerk water 
motor, with a pressure of 80 pounds to the square inch. Using but tico 
cubit* feet of witter, it remow* 10,000 cubic feet of air per minute. From 
the fan the air is delivered into 2 perpendicular shafts, each having 
an area of 17 square feet ; these intersect in the attic, forming a single 
flue, and thus passing out through the roof. In the ceiling over the gas 
chandelier are 10 open registers, 5 feet in diameter. All the air 
vitiated by the burning of the gas passes into the attic, thence, at a 
rapid velocity, out of the attic chamber through an opening into the 
large central flue. 

"The fan is hindered in its operation, on account of working against 
pressure. For some unknown reason the connecting flue of brick 
between the fan and the main shaft is so contracted in its construction 
as to give the opening an area of but 13 square feet, while the fan is 
exhausting from an opening of 19 feet, and moving but 600,000 cubic 
feet of air per hour, when it* capacity, with 80 revolutions per minute, 
is 900,000 but for this error in the construction of the discharge flues" 

The contractor for this work was Albert B. Franklin, of Boston, Mass. 

• Report of Chief of District Police Rufus R. Wade, 1890. 
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■THE FIFTH AVENUE PRESBYTERIAN CHURCH. NEW YORK CITY. 

"This church coven an area t>f 100 by 200 feet, and the auditorium is 
100 feet deep on the main floor, 136 feet deep in the giillciy, K,"> feet 
wide, with a ceiling 60 feet high) and is intended to furnish comfortable 

seats for 2,000 persons. At the northwest corner of the building is a 
tower 100 feet high and 16 feet square, which serves as a fresh-air 
sli;i ft . down whieli the air is drawn by il fun at the base of the tower. 
The entire basement of the church is a fresh-air chamber, on the ceiling 
of which is a network of steam-beating pipe*, - inches In diameter, 

amounting altogether to 11,000 feet in length. There is also an aux- 
iliary coil in the air chamber containing 4,410 feet of 1-inch pipe, whieli 
is divided into 4 separate steam coils, each of which can be used inde- 
pendently. This auxiliary coil is in itself nearly or quite sufficient 
to furnish all the heat required under ordinary circumstances. But the 
pipes beneath the Boor have been found very useful in wanning the 
floor of the pews. The basement extends under the entire building, 
and is about 9 feet in height, 

'■It is not ceiled nor plastered. The warm air forced by the fan into 
this basement air chamber, passes into the body of the church through 
openings in the risers of the stationary foofr-benehea of every pew, these 
openings being controlled by -sluts or registers, in such a way that the 
occupant of each pew can regulate the inflow of air at his pleasure. 
The air also escapes into the aisles through openings in the ends of the 

]>CWS. 

"Steam is usually turned into the pijies underneath the floor ulxiut 
twenty-four hours before the service in winter, and is turned off when 
the audience begin to enter when the fan is put in motion. 

"The forcing in of fresh air by the fan is continued between the inter- 
val of the morning and afternoon services, thus thoroughly Bushing out 
the church. In warm weather the air is cooled by the spray of water 
from a perforated pipe at the bottom of the fresh-air shaft, and by the 
use of ice the temperature of the incoming air has been lowered as 
much as 6°. 

"The fan is similar to that used in the Capitol at Washington, is 7 feet 
in diameter of disk, 8rV inches wide at the tips of the blades, ft feel in 
diameter at the mouth. IS inches width of blades at the mouth, hav- 
ing J of an inch clearance between the edges of the nudes and il»' wall 

Oi fun sule. with an area of 19 square feet at the i ith, and l*» hum 

feet at the periphery. The area of the duct or passage leading from 
the chamber is 201 square feet." 

• Mr. Cxrl refflter, Arrhtleei. 



Al 






Heat: Its Sciench, Pifloot run 



EXTRACTS FROM BUFFALO EXPRESS AND TIMES. 1883. 1884- 

Al hftlf-pii-l l « " "'■ ■■ i - ii(Tipatiy composed of Messrs, John 

■ ■■. II;. II r'.ne.inr'e,-. Dr. 3. W. Keerir. DeskJet 1']. v -.,, i;.n . Dr. William C. 
Phelps. Health Pliyxicijii. ' 'i -nipt roller Malmiicy. Alderman flail lllgn. and City 
Engineer lingers made an bupnttOB of the new apparatus employed in beating and 

■ ■ I I Bo. i ■■. mi i>.>k Street. TIm estiva machinery was inspected from 

■. boiler, fen, .-mil pipes, in t lie baa— i ant, to the cold and hot air iiu« in 
the three stories ami adjoining recitation ami Blank roams. The improvements m» 
made (mm plans ami specifications drawn by Mr. John II. Mills, at a. cost of ft.tm. 
Tin i i.nri.n t* van let Id liiiiiii'ut partita for the execution of the different 
id -|..,iiiiniiiy ,,t work, and van performed under the general supcrin tendonce of 
Mr. Mil!*, Tin' rliirl '■ ■■■! was the 1 1 aiiaria imllun ■■( Mm baaaesaa' 

Iran I mi r. dark, tad aialirtll bole Into a dry, light, and wholcsimc apartment, in 
wUek WW ptaoed iln' lulling apparatus, fuel, closets, etc. To effect this, drains 
inn laid htmaalh ■ new ttoor, Imi Um INI of the building to the street. Ilnnaai 
U y -line hi Mttbcr, were |iut in the two rear rooms of the basement. The 
main closet* are ventilated by two galvanized iron shafts extruding through the 
roof and an cfcm tag steam pipes to ensure the active movement of the air. The hest 
for tin- building is furnished by a Mills safety sectional boiler, and is d 
ttirtrt radiators under the windows (to heat tlie air which leaks in) and to tho 
'i • Iiiimlii-r. through which all the air passe* OH its way to the rooms. 
1'ure air is provided by means of a shaft. dstSMlMntJ from (At rortf t; the twttttitnt, 
where a large fan-wheel creates a ein nut and keeps the air in motion through tlie 
iii.lini t i iuliatiii-diii th. and registers tB each room. Ample provision is made by 
lines in the outer walla to rUsOTfl tl" vitiated ail. A current of warm, pure air is 

thus constantly pausing tlnoiigh llie i is, tlie amount ol "Im h i- coital to a supply 

of over nine hundred cubic feet per hour to each pupil This was ascertained by 
ail ual measurement* with the anemometer. The fan which OIQltWI the current is of 
peouHni Bonatmctton, and is operated bj a water motor, using a jet of water only 
one fourth ol an inch in diameter, with a pressure of but twenty-two pounds. Tit 
iriiter dlsekoiysd '''"'" t, ' r >"<•!"? >' then coa due le d to the urinate, There is IAio> ao 
i„i,r. ir.il, t ii... ./ than looatd he required ■Wheal Us fan, while u more efficient eentila- 
li.,n in M«UfU«. 

In taking the etc am over the building for the direct radiator, the Mill* orrrhtail 
system was employed, lly this means the steam is first, passed to tlie upper story 
and supplied to the radiators on its re<uru to the boiler. This new and efficient 
system is being largely introduced. It is in use in the Young Men's Association 
building, including St. -lames Hall, several line stores, and the new Police building 
on the Terrace.— JSufalo Venting Erpre**, 1W3- 

From the rimes, Buffalo. May", 1SW4: — 

\ Menu in Parsons, from the Special Committee on the Examination of the Several 
Public Schools, offered the following report, and moved that it be referred to the 
Committee on Schools: — 

" In conclusion, we wish to call the attention of your honorable bOdj> to the vital 
importance of improving the ventilation in many of the school buildings; for on this, 
moro than anything else, depends the health of the pupils and teachers. We caused 
to be made in two school buildings an analysis of the air. and found that in A'o. 13, 
which is the bint ventilated school building in the cilti, there was h - 
cu&fc inenrn of carbonic acid in eleven tkoumnd cubic inches of air; while in N,:. 
primary, which is a fair sample in regard to ventilation in most of the school build- 
ings, twenty cubic inche* of carbonic acid was found in eU ten bkeusnud ■ 
air. These tests were carefully made during school hours. The test in Ho, 18 show. 
what can be done to improve ventilation, while the test in No. 1"j primary shows the 
necessity of a proper system of ventilation in all the public schools." 

W. P. litmus. City Clcrt. 
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OFFICE OF WM. B. ALLAN, 

Architect and Superint' iu!<-„i. 



St. Catherine's, Ont., March 10, 1S87. 



J. H. Mills, Esq., Const fueling Engineer, Buffalo, N. Y. 

Dear Sir: I learned, when last in Buffalo, that you had i 
relating to the principles involved in the proper warming and 
and I take this method of expressing my personal satisfactioi 
and to assure you of the appreciation that your work will m 
of the Provinces, who, having perhaps less opportunity to 



which are always in progress ii 

by such practical information ; 

1 may remark that my fir: 

buildings erected by I 



1 contemplation a book 
entilation of buildings ; 
that such is the case, 
et from the architects 
the improvements 



the States, are quite as ambitious to learn and profit 
ipply. 

fall of 1877 and the 






methods and machines in 
ning and ventilation of 



the First Presbyterian Church, of which you have lelters of approval from the 
trustees. Later, the warming by steam of the large cotton mill at Men-itoii, in whlcb 
your overhead system of steam distribution played so important and successful 

The many dwellings here in which your boilers and radiators have been placed, 
using a water circulation, may be mentioned as the most successful of any yet 
EntRxJoced j while your own application of water heat and mechanical ventilation to 
the stone mansion of Thos. R. Merrit, Esq., showed that, up to that lime, people in 
the heating business in the Provinces had little conception of the advantage and 
possibility latent in a properly arranged water apparatus working under pressure 
instead of the old open-tank system. 

1 have examined carefully your method of warming and ventilating several school 
buildings in the city of Buffalo. That in School No. 10, warmed mainly by indirect 
water radiators with auxiliary steam coils under the windows, ventilation being 
effected by exhausting the vent flues in the attic, appears to fill every demand of 
e of difficult work, with a system as simple and as inexpensive as it is 



efficient and durable; while the same 

State Insane Asylum shows that there is no limit to i 

all classes of buildings. 

Your ability to move fans of the largest diameters 
tlility of employing 



improvements. Ventilation s. 






a larger scale at the Buffalo 
application and efficiency in 



buildings having DO possi- 
novel and valuable of your 
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THE STURTEVANT SYSTEM OF HEATING AND VENTILATION. 

: hi arrangement of the Sturtevsnt system of heating anil ventilating is 
lUtnre: The apparatus in formal by the projier combination of a fan. an 

i ■ ii M 1 1 1 <■ . ami a steam healer, all of special construction. The entire hoftl 

ii then riK-4-ifi in ■ steel-plate jacket ooanaeting wit'. 

The apparatus Ii usually pi ucd in the h-.isemeut. and (team U supplied by a boiler 
of suitable construction; the exhaust steam from the engine being also Utilized in llie 
healer. The Return nf apparatus is rendered automatic, by the Use . ■: 
■ Hag ami ilani|H'i re^ulatiiiK devices. 



Figure No. 20. 
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aii-suppli ducts. Mutt cull] aii' (n.'iv In' forced through one system, ami hot ail through 
Tliv other. A hot and cold air duet communicates with the base of Mch of tin 
uprighl lines in tin- w;ills, iiinl dampers arc su arranged thai tin- temperature of the 
air admitted to any room may lie instantly changed at will, uitln.ui 
quantity or in any way affecting the admission of air to any other rooms. Separate 
Hues communicate with each room, so that it is rendered entirely independent of the 
remainder of the building. Air is admitted lo the rooms from these Hues at tight 
or ten feet above llnur level, and finally escapes i In mi^h the wall venrihil ing registers 
close to the floor, and nearly beneath the inlet registers. 

The nrrnnffei/iriii of hot and cold nir ducU itoiri atea* tetth the tut o/ indirect >,tcam 
i-<,!l* .if the In'" of i-iieli Jl'ir, Kith l lir otlciiilttnt ei/n an anil ineonremViier, central- 
ize* the entire h rating tyttem in u ningle xti-iim-jii/'r roil, in a .lire-proof jacl 
reilner* the heating turfuve mul tin miiuhiT <>/ rulers, mid renders the - .. 
ciijiotle of ready unit inxtoiittturait* iioitrol, if in the hOR'U qf€pr*ttieai MpfMi r. 

Notb. — A fact connected with tins method of mechanical or forced circulation of air 
over steam pipe or colli, is the greater amount of heat that can betaken from a given 
amount of heating surface. 

Under natural current* the heal is limited fe from 300 to 400 anil-* fr si/unrr/oot ; 
thi» in obtained with 150 to 200 cubic feet of air per foot of surface per hour, altUe~_l,<m 
cuMc feet of air Kilt gir>e a return of 900 to 1,300 units. 

S«e dlatrraw No. ie. pane 309. 
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THE RELATIVE ECONOMY BY FANS AND BY HEATED CHIMNEYS." 

various modes of producing the air currents by which 
1 vitiated air is removed from chambers, halls, or working places, 
and fresh or pure air simultaneously introduced, involving the 
prO BW B On of ventilation, the heated chimney or Hue is the most 
common ; although it is generally recognized that, where large volumes 
of air are to lie moved against considerable passive or fractional resist- 
utoea, [lie use of the fan or blower is theoretically the must economical. 

"In any investigation having for its object the relative economy of the 
methods of pulling the .same quantity of air in movement |jer second, 
through the same chunnids, and with the same velocity, it will be suffi- 
cient, therefore, to consider only the work wj-^ (due hi inertia), BUMS 
the work performed per second in both cases, must be the same whether 
the trietionul resistances are considered or not. 

" Economy of heat requires that the velocity shall !« kept small and 
the increase of volunit- obtained by enlarging the chimney and the 
channels or conduits through which the air passes. Mon-iivcr, silUM 
the resistances from friction diminish in rapid proportion as l!m 
ehauiii.'ls are >-nl:irged. and more ut tile toial bead producer! 1>\ tht 
chimney becomes available to create tbe veloeity of flow, an additional 
advantage in large cross sections for the chimneys ami conduits is 
seemed. The same laws of expenditure of beat bold for the fan or 
blower, the expenditures of heat increasing for the same DoBdtiH M thfl 
cube of the veloeity of flow. 

" It often happens that by a particular chimney and ohUUtelsvf BbH 
the ventilation heeomes insufficient, and. instead of iiicn-asiiig 1 1 u ■ Ih-ji t 
in the chimney with a large additional expendittize of foil. I fan is 
introduced to take the place of chimney ventilate. n. The rtbttlM 

elliciencv, w'itb the application of this law of the proportion of beat 
expended to the veloeity of discharge, enables tu t" Moartliu i" what, 
limit such a substitution of a fan for a chii ry may 1)1 Olxriad buUn 

tbe cost of the fan exceeds the cost of the Futoace ventilation. 

• Extract* f rum apapfr hj Profetior W. 1', Trowbrldf*, 16M. 
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44 For a chimney five hundred feet high the velocity by a substituted 
fan could hardly be made twice that produced by the chimney, before 
the coat of the fan, with increased ventilation, should exceed tliat of 
the chimney. The question might then turn upon the advisability of 
getting the increase by additional heat in the chimney, even with a 
large additional expenditure of fuel ; the cost of attending 1 and main- 
taining the fan becoming an important element in the problem. It is 
quite evident that for the fan, as well as for the chimney, low veloci- 
ties and large conduits are desirable. 

44 The heat furnished may be supplied by a furnace at the base of the 
chimney, — the heated products of combustion from which mingle with 
the air which enters the base of the chimney, — by a system of steam 
pij>es which heat the air by contact, as it passes through or among 
them, or by any other mode which will accomplish the result. If a fire 
or furnace l>e employed in such a way that the dissipation or loss of 
heat from the furnace is prevented, the efficiency of the furnace may 
be considered unity. 

" In ventilation by a fan or blower, driven by a steam engine, the 
heat expended to produce the same velocity or the same discharge and 
renewal of air will depend on the efficiency of the steam boiler and engine, 
the efficiency of the fan or blower, and the loss by friction. 

44 If the chimney l>e heated by steam pipes at its base, the efficiency 
of the l)oiler and pipes must he taken into consideration, making a 
result still more unfavorable to the chimney. 

u The employment of steam pipes at the bases of ventilating flues 
seems to me to be worthy of more extended application than has 
heretofore l>een accorded to this method of promoting activity of 
circulation of air for the purposes of ventilation. 

"Extensive use of steam coils in aspirating flues is made in the 
Johns Hopkins Hospital at Baltimore. In this case a certain part of 
the efficiency in some of the steam coils is lost, owing to the fact that 
they are placed high in the shafts, above the entrance into the shafts 
of the upper air ducts, which are the ortes which will do most of the 
work in warm weather. This loss might have been avoided by bring- 
ing these flues down to the base of the aspirating chimney, at which 
point the accelerating coils might then have been placed, with the 
result of obtaining a longer column of heated and rarified air and a 
corresponding increase of power. For ordinary and the most favorable 
circumstances the actual velocity in the flue is best if it be established 
at about five feet per second, and it is for this actual velocity that the 
following dimensions are specified: — 

44 The cross section of the flue in square feet should be three times the 
^ weight of air discharged per second. See table No. 39, page 575. I 
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The Warming and Ventilation of Buildings. 

"Suppose the air of a room 30x40 feet and 15 feet from floor to 
ceiling is to be renewed four times every hour. 

"The cubic contents are 30x40x15=16,000 cubic feet. At the 
ordinary temperature and pressure the air will weigh about tS» of a 
pound per cubic foot, and the weight of air discharged ]>er hour will 
he 4x 18,000 x .08 = 5,760 pounds, or 1.6 pounds par second. 

"The required area of cross section will be A = 3xl.6 = 4.8 square 
feet. If now we snppi.se the steam in the coil to be low-pressure 
steam, — for instance, 6 pounds above the atmosphere,— we shall have 
for its temperature 228° Fahr., and, if we assume the exterior tempea- 
ture of the air to 1m; 60°, we shall have conditions which will apply to 
spring or autumn weather; and the same arrangements then deter- 
mined will give better results in winter or cooler weather. If the flue 
is 50 feet high, we shall have 147 square feet. 

"It may lie thought that this amount of surface is excessive for the 
degree of ventilation assumed. 

"The reply to this objection is that, if any one expects to obtain full 
■lie/ sufficient ventilation without expending an appropriate amount of 

money both for factum and for fu^, witeh a one is mistaken, ft might ** 
WeU hi expected to get water from a ueU without menu for drawing and 
pumping it. The lite qf the bucket or pump and the power applied will 

determine, the exact amount of water obtained per hour and tht <■>■■*' of 
obtaining it. The mnmer thin hue is unlecrmllg recognised fur ventlla- 
tifit, the "■"tier will ventilating arrangement* he general! g niMtiefill. 

"Hence the conditions of ventilation assumed will require an aggre- 
gate area of heating flue of 4.8 square feet iu cross section and 147 
square feet of heating surface iu the coil or cluster of pipes at the base. 

"If more than one flue is employed, which would probably be 
desirable, in order to have a better distribution pf the inflowing air (two 
flues, for instance), then each would have an area of 2.2 square feet, 
and each should be heated at the base by pipes having 73% square feet 
(if surface." See table No. 29, examples 9, 10, and 11. 

One point in particular brought out by studying this system of ven- 
tilation is worthy of careful attention ; namely, to ventilate a building, 
means that there is work to be done. The performance of work 
means an expenditure of force; therefore, any system professing to 
secure ventilation without performing work or, what is the same, with- 
out expending force, is without effect. 

The ventilation of a building should lie like its water supply and 
sewerage, always ready for work, 1 certain in its effects. When build- 
ings are erecting, such a condition can ]»■ attained at moderate expense, 
while it may l>e exceedingly difficult to accomplish after the completion. 
It is then of the highest importance that ventilation lie considered in 
connection with design. 
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EXPLANATION OP TABLE NO 39. 



Uib I'linl of different methods of ventilation, the final result 

m ■•••\ in Mmli and fractions ■ « f ■ omit pw liumli-rd ik<>**m*d 
./. Ii 'li'iifti In UejkoJ mIum bi MmI faaa <" Cti 



This table .i>» 

fat ;ill -v.[,-ins. Ml 

• 
The flrat MeMOM of the labia show* the conditions where hii open tlieplace is us 
»n ii means of von Illation, lln' nil- from the room Wing drawn up the eliiiiiuey i 
in' i ion Willi other products of I oiiihnstiou. 

In th.' upartmatita here ahown, the same chimney wa> law 
jets) nr.d with wood and dmL The results an lifetn directly fiom Uox, Treal 
oo Heal, Wltll flit ■T—ptlim nf lilt mMmin III tin- cost. It will be wen that the Mf| 
of kot gjaaUlj exceed* tlint of ventilation liv other methods; this is with gas 
licr II. If, instc "1 of illiL in >it:< i i iijj; g.u. ume cheaper substitute ware .- m j .!<■><'.! . tn, 
for instance, natural gas at 10 eaoti pa? M, the ro*i would bora bo reilawi one twen- 
tieth, or to two and three tenth* cent* per lOU.CKKJ cubic foci removed, where il would 
favorably compare with other fuel*. 

In aeotiou 2 a number of examples arc shown from different authorities on ventila- 
tion by means of an upright shaft, with Are at the base. The lirst two exam- 
ple* show the result of observations at .1 large prison in I'ari*, both summer and 
winter. In Chit case, as also in that below of fans actuated by steam power, there 
will be aa addition to the cost of ventilation over the fuel consumed, for attendance, 
repaint, etc., the amount of which in estimated aepaiati.lv in ootoua M. and is added 
Into the total, 

l'mfeasor Trowbridge, of rolumbia College, has fully investigated the subject of 
ventilation liy different methods, and cisimples are shown in section I Bliall Hie 
amount of steam-pipe- surface required, i- taken from his formula. Column A shows 
tin' area of the fine section required for the passage of the air, or lOC.OW cubic feel 
per hour at the velocity (aa recommended! of about 5 feet per second in the flue; this 
is equivalent to a velocity of J. -J feet per second of the ail' when the ilci- 

due toate.mpoi.ilof of Oti [oolt i K). The temperature of the outside air is here 

taken at fW° (column Dl. and the height of the flue varying in the three example* 
from o0 to ISO feet (column H|. The number of cubic feel ol nit pat suuaie foot of pipe 
surface per hour, obtained by dividing 100,000 by the amount nf pipe surface 
demanded, is sliuwii in column II. aud in column I the number of units of heat that 
would be transmitted by the pipe to the air when passed over it at this vain in 

By comparison of columns 11, K, and F in the examples Ulna tilling ventilation by 
heat, it apjieais that a temperature in the Hue of from 10w° to 2U<i° is required to 
ii active and reliable discharge of the air at a velocity of from 5 to 10 feet 



si 






nd. 



ows the coal required; anil from this is readily obtained the cost 
per hour and per 100,000 cubic feet, the coat for attendance in this instance being 
the lowest of any. 

In the example* of ventilation by means of fans driven by steam e ugi lies, the yvtrrr 
Is obtained from different authorities for disc and centrifugal fans, and from this the 
amount of fuel is readily estimated, the standard being 4.5 pound* of cool per liurse- 
powor per hour. It should be explained that the power required for the disc fan of 
the Blackmail type is obtained by direct experiment* made by G. A. Sutcr. U. E.; 
while for the centrifugal fan, in default of intended experiments with large fans, the 
power is shown as rat f mated by Thus. Box. An additiuii has here been math to the 



euat to allow for attendance, repairs, and iuterc 
deterioration of plant. 

The last section comprises ii 
lation, his centrifugal fans being employed, the pot 
thejrt type, such as the Tuert, Vnoprr, or linrkiuu 

See experiments and diagram. 
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The Wakwinu and Ventilation of BotUHHta. 
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Heat: Its Science, Production, and Application. 



PROPIT AND LOSS IN SCHOOLHOUSE VENTILATION.* 

The difference between the cost of simple heating and heating with 
free ventilation is not so easy of exact statement, but may be closely 
approximated. Taking as an example a brick-walled school building 
90 feet by 92 feet by 37 feet, having a mansard roof and 1,200 square 
feet of single-glazed window surface, estimate makes the coal required 
for heating alone for 30 weeks, and including that lost in blinking 
fires, 83 tons, at a thermal efficiency of 8,000 units per pound of coal. 
Through faulty firing and wasteful methods of heating, this amount may 
be exceeded by 15 or 20 tons. An air supply of 1,500 cubic feet per 
hour per capita for 6 hours a day and 5 days a week would, for the 
Maine time, require 32 tons, and this alone could be charged to ventila- 
tion. At $5 per ton, the year's cost per scholar would therefore be 
27 cents, or a total of 52.5 cents a year, or a little under 2 cents per 
week for the 30 weeks of required artificial ventilation. 

Such estimate takes no account of the waste attending the usual meth- 
ods of heating, without or with only meagre ventilation, by which the ceil- 
ing air is sometimes 20° overheated to keep the floor at comfortable tem- 
perature, or the top floor overheated for the sake of warmth in the lower 
stories. The effect of this common condition of things upon coal combus- 
tion is more than equivalent to the economical heating of the building in 
a climate with a mean lower temperature of 10°, since loss by conduction 
through walls is promotional to the mean temperature difference between 
inside and outside air, and the air lost by leakage is increased in quantity 
and temperature. — for it is the hottest that escapes; and, the more rapid 
the outward leakage at the top, the higher the rate of inward leakage at 
bottom, necessitating a further heating to maintain a comfortable tem- 
perature at the floor of a room or the basement of a building. The loss 
by conduction and leakage is least when a uniformity of temperature is 
maintained throughout a building or room ; and, the more free and effi- 
cient the ventilation, the more sure the attainment of that result. 

An illustration of this fact is furnished by the records of the heating 
and ventilation of the two princqwd buildings of the Massachusetts In- 
stitute of Technology. The Rogers Building is heated and ventilated 
in only a few of its most crowded rooms. The new building, of ap- 
proximately the same size, but with much larger window surface and 
thinner walls and more open interior, is ventilated to an extent equiva- 
lent to the complete change of the air of its rooms every 12 to 13 min- 
utes ; or, assuming 400 oeeupants, with an average of over 8,000 cubic 
feet per hour for each occupant, and the ventilation is maintained tlirough 
an average of 9 horn's for 6 days of each week of the school year. 




• Abridged from Notes of S. H. Woodbridge, A. M. t Mass. Inst. Technology. 
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The most perfect record thus far kept shows that for heating and ven- 
t tin ting the iu*\v building, 55 per cent more fuel has been required than 
for heating the Rogers Building, the latter having the farther advantage 
of waste heat from the boilers and heated chimneys, and the regular 
heating of one of its large rooms, and, in some weathers, the limiting 
the entire building from the new building's boilers. 

Such evidence would make it appear that the difference of 32 tons 
estimated as the cost in fuel of ventilation, above simple heating, is too 
mm h. rather than too little, to be charged to that account. Taking, 
however, an estimate of 2 cents per week as the maximum actual cost 
per pupil, it is safe to declare that a very small payment for the actual 
monetary gain secured. 

By way of illustration, the Pension Office data are again suggestive. 
Let the total 700 tons of coal burned during the year covering the data 
quoted (at $4 per ton), represent the cost of improved ventilation, and 
let 8,622 days, at an average of #2 per day, saved from illness, represent 
one item of the resulting profit. The account of profit and loss would 
then stand, — profit, £17, 244, and loss, $2,800 ; no account being made 
of the improved working ability of the whole force, nor of the private 
account of the unineurred expense incident to 8,022 days of sickness. 

An estimate of the immediate dollar and cent profit due to averted 
illness may be based on the record of a large grammar school covering 
absences because of sickness. Considering the value of a day saved 
from sickness worth no more than the cost to the city of one day's 
schooling, and assuming medical attendance on one in twenty-five cases 
of sickness, and the cost of substitution at $1 a session (the absence 
of teachers through sickness being given the same ratio as that found 
for the scholars), the profit side is then found to exceed the total loss 
by more than 20 per cent. 

All the suffering involved in five and one-half years of sickness, all the 
gain in the character and quantity of work done both in and out of the 
schoolroom, and the increased vigor of health maintained throughout 
school years and after life, though of incomparably greater value, count 
for nothing in such an estimate. Were five and one-half years of sick- 
ness directly caused by some public mal-administration other than the 
keeping of fresh air out of schoolrooms, the yearly draught on its treasury 
for damages might easily be largely in excess of the total cost of the con- 
struction and use of a good ventilating system. Classified according to 
the air allowance, as determined by the air space in houses to the indi- 
vidual occupants, the last year's official report for the city of Dundee, 
Scotland, shows the effect on death rate and longevity as follows: — 

Proportionate Air Volumes 1 2 3 4 

Proportionate Death Hales 21.4 18.8 17.2 12.3 

Aiarage Ages of those Djing between 5 and 20 run , 7. 8.3 12.2 11.7 
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POWER THAT MAY BE DERIVED FROM THE HYDRANT. 

* It was mil at first ;l|i[i,in-iit. Uld H si ill a matter t)A 

im'.i 1 1 1 1 1 .■ nnmiirn ia required at one and of a pipe it column of air to 
oenat i'i''ii''n sidlicient for all purposes of ventilation ; and jet, 

thai preaaore la, it repraaanti i oertaJn and definite amount of waA, 

whether it is done by means "f a heated Boa or whether it la secured by 
the rotation of a machine culled ti fan, and driven bnraoaw 
other, netor employing steam, wind, or water u Eta Impelling force. 
tun of the total power absorbed in driving any chw 

n big .lir .it low relooil iat and pr aaanre reqnired in ventilating 
operational is not of great moment, except where Hteaan power is mA 
available, lince a quarter or even half of a hone power ia no) 
matter, the total ooat being covered, aa seen (tabu N<>. :-S0), fty two 
nii-l font fit'* per " iu /in in/ !■'■■/ CAoKaond ■■nii- f, ■ i qftttmuved 'it << •:■■!■"■- 
ihi "f tit-rut it-Hi'-i-H md iltii'i'tit i',i i pi p nii;.iiil, ratwaetfarfy. In places, 

however, where steam power is not avails) -1 i not .-uituMe, owing to me 

uses of the structure, the nt>re>s;trv power t" operate a f.in is an impor- 
tant issue, and one thai will determine the question whether nieehanii.il 
ventilation can Ik? at all considered. Since, however, electrical power is 
becoming bo common and reliable, at least in cities and the larger 
towns, it disposes of one of the main obstacles to fans in (marches, 
schoolhotiscs. and even the dwellings. 

Power to operate the Fan. — Having ascertained how small a power 
would cause the necessary rotation of a specially constructed wheel, tin- 
selection of the motor was next in order, or rather the adjustments af 
two special machines to work in harmony together. Water was adopted 
as the most desirable power to employ in church and school buildings. 
because it is there, and is already the property of towns and cities, and 
in most cases can l>e made to do double duty, serving the sanitary 
appliances after passing through the motor; still it was deemed desir- 
able to have some practical data as to how much real work could he 
obtained from this class of jet or impact water motors, especially as 
parties having impact or pressure motors continually claimed the greater 
efficiency for their respective wheels. 

In July 1886, the writer being at Westfield, it was decided to proceed 
to a final and practical test of the efficiency of two impact wheehi and 
one piston motor, at that time confidently believed to l>e a superior 
machine for the transmission <>f water power." 

Not having time for so delicate and important a matter as this, the 
services of an educated and practical engineer were secured, 
careful preparation, and with the aid of two assistants (at the end of 
three days* constant and repeated tests), secured the data, estimates, and 
diagrams, shown in the following pages. 
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DIAGRAM No. 34. 

Skuanng Ike maximum and ax-4mgt ejfititiity of 
BACKUS, TVER A', COOPER and AMHERST WATER MOTORS. 




Expttimtnli, and i 
LESTER P. BRECKENRU 
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WATER MOTORS. 

RBPOKT or KxrEIUMKXTIl OS TUB "l.taOPIH" A«I> " TlTKBK " MOTORS. 

nv i.K*rKK P. Ubeikenriiioe, We*Tfield, Mass., JuXT, 18S6. 
To ooo v... 33. 

The object of the tests wm to obtain the efficiency of Ihe ill 111 ■ HI ■sill «!;..;- 
under pMHM from 1 to 100 pounds per square inch. 

Premurr: The Cooper wheel increases its available power under the same pressure 
by changing to a larger nozzle. The Tuerk increases or diminishes its available 
power under the same pressure by opening or closing a i-onical valve attached to the 

Xoulea. The Cooper motor was tested with nuzzles W inches, } inch, ^ inches. 
and | inch, made of brass, 

// .i ... -/'<,.. ■■ i ••! l In- H'fceet Tin' h. pi. .--power of the wheel was determined by a fric- 
tion brake; the horse ■-power in I In: » alci l>y means of a carefully-gauged tank holding 

■*,»k> pound* (576 gallons nearly). 

An rrj-pianittitm of the Mtgram umrk-l " .1 " will he all that will be necessary, for 
the diagrams "B" and "C" were obtained in the same way, except for different 
pressures. For revolutions of the wheels, we diagram \o. -'A. 

The Cooper motor was tested miller Hi pi muds pressure with the -1 n 
tioned aliove, and the ^ nozzle gave t-hebasl efficiency. Thiacurve therefore appears 
on A as tlie best the Cooper motor could do under IX) pounds pressure. The Tuerk 
v. p . ;i;„i i, .in! mull i il;> same pressure, iind il was found to ffin > In- bent ..'tlii-ii-ni.v 
when Ihe valve on the motor was turned 2 times around from shut. The curve ok 
A, marked Tuerk, is then flic best this motor could dn under l"l pounds pressure. Il 
will be seen that from 000 to 700 revolutions, the Tuerk gave a little better efficiency 
than the Cooper. Above 730 revolutions per minute the Cooper gives a belter 
efficiency than tlie Tuerk. with any nozzle on the Cooper, and valve opening up to 
4 turns (when the valve is open wide}. The efficiency curves for 90 pounds are 
approximately parallel to the curves shown on diagram A, and the efficiency varies 
■ not much from the same curves, so that these curves may be taken to represent the 
comparative value of the 2 motors, a* far as efficiency goes, under 00 pounds. The 
same remarks apply to digrams il and C. 

The temperature of Ihe witter was <l~- Kahr.. and the weight of one gallon of Water 
at this temperature was taken at 8.33 pounds (I gallon, 2::i ciiliic inches). 

The experiment* would indicate that it. is the form of the buckets and their num- 
ber that control the efficiency to a large extent. With any given nozzle the wheels 
gave approximately I be same efficiency at all pressures. This tends to show that the 
friction a) losses in the machine are very small. In fact, 1) pounds pressure sufficed 
to keep the Cooper wheel iu motion without a load. 

Tin- largest power developed during the test was 1.(12 horse- power, under 90 pounds 
pressure by the Tuerk. The valve was opened three turns, and the efficiency obtained 
was 4u.0S per cent, using 1)5.3 gallons of water per minute. When developing 1.2 
horse-power under the same pressure, this wheel gave an efficiency of 52.34 per cent. 
It is probable that with the valve further opened the wheel would develop fully 
2 horse-power, with an efficiency of at least 40 per .int. 

The molt power obtained from the Cooper was .032 horse-power, and this with a 
1-inch nozzle under IK) pounds, and an efficiency of 51.31 per cent, using 34.3 gallons 
of water. A larger nozzle, j inch and j inch, would, without doubt, develop a power 
fully as large its the Tuerk, with, perhaps, an efficiency approximately as large, at 
least within 2 to 3 per cent. 

The ietiAt pause r developed that was measured was .05 horse-power, by the Cooper, 
using ^j-ineh nuzzle and 5.H gallons of water per minute under 30 pounds, showing 
40.5 efficiency. 

The least power developed by the Tuerk was .Otl horse-power, under 25 pounds 
pressure, using 22.37 gallons per minute, and showing an efficiency of IS. 42 per o 
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The home-power of the water was determined by the following formula: Horse- 
power >Tl7-f 33,000, in which W equals the weight of the water in pounds 
passing through tho wheol per minute, and F equals the distance in feet that the 
water fell. W was determined by means of a tank holding 4,300 pounds, F by means 
of a pressure gauge, assuming 2.33 feet :is the height of a water column producing 
1 pound pressure per squaro inch. 

The efficiency of the teheeli was obtained by dividing the horse-power of the wheel 
(as determined by the friction brake] by the horse -power of the water. 

Aaibcrst Motor. The wheel was allowed to run several hours before starting the 
tests, in order to soften the leather plungers of the eight pistons, and also to thor- 
oughly lubricate the different bearings. 

Aiming the sources of loss in this motor, ami nit piston motors, are — first, friction 
in the moving parls of the machine itself; second, friction of the water through the 
pipes, valves, and ports; third, change in the direction of motion of the water; fourth, 
change in the velocity of the moving w;iter due to difference in area of the passages: 
fifth, water, after use, must be driven from the cylinder in which it was used. 

It required a pressure of from 15 to 18 pounds to start the motor under no load, 
except the frictional resistances in itself. 

From tlieso considerations we can see that tho sources of loss of effect will not 
increase as rapidly with the water pressure as the obtainable work. Wo shall, there- 
fore, expert tip find the efficiency increase with the water pressure. 

Tho calculated delivery per hundred revolutions is 15.3 gallons of water (8 plungers, 
IJ-j inches diameter, 2% inches stroke). The actual delivery was 10.874 gallons per 
hundred revolutions, corresponding to a leakage of 1.57-1 gallons per hundred revolu- 
tion*. For revolutions of the wheels, see diagram No. 34 and table No. 38. 

At 80 pounds pressure; 1H.874 gallons of water per 100 revolutions. Horse- 
power = .052 -i- .3825 = 2.40 horse-power. Water x 33,000 = 82,170 foot pounds per 
minute. Water, JAM x 80 = 1,540.8 foot pounds per gallon. 62,170 -h- 1,540.8 = 53.33 
gallons water per minute -f- 10.874 = .311! x 1U0 — 310 revolutions per minute. 38.25 
per cent efficiency - .i'.iJ horse-power by brake. 

At 70 pounds pressure; 45.91 gallons water per minute; revolutions per minute, 
272; 8(1.50 per cent efficiency = .085 horse-power by brake. 

At 00 pounds pressure; 43.3 gallons water per minute; revolutions per minute, 
257; 33.50 per cent efficiency — .51)3 horse-power by brake. 

At 50 pounds pressure; 32.45 gallons water per minute; revolutions per minute, 
Mj 89.08 per cent efficiency = .284 horse-power by brake. 

At 40 pounds pressure; 28.23 gallons water per minute; revolutions per minute, 
187; 25.5 percent efficiency = .1US horse-power by brake. 

At ;;i> pounds pressure; 13.1H gallons water per minute; revolutions per minute, 
83; 20.00 per cent efficiency = .040 horse-power by brake.* 

Conpcr Motor, l"l pounds pressure, jo.i'4 gallons water per minute. Power applied 
in the water - 111.20 xllUX 20.04 = 35,777.38 foot pounds per minute ~ 33,000 = 1.084 
horse-power. The power realized by friction brake taken at .~>2 per eent of the power 
applied = 1.084 x 52 = .50 horse-power. 

At 00 pounds pressure; 10.8 gallons of water per minute; 52 per cent efficiency 
horse-power realised = -ft. 

At 30 pounds pressure; 20.4 gallons water per minute; 5)1 per cent efficiency = 
■f t horse-power realized. 

Tuerk Motor, 00 pounds pressure; 23.78 gallons water per minute; 52 per cent 
efficiency ■ ,' horse-power realized. 



At 80 pounds pressure; 35.8 gallon 
horse-power realized. 

At 30 pounds pressure; 28.2 gallor 
horse-power realized. 



r per niiuute; 57 per cent efficiency = f t 
:r per minute; 57 per cent efficiency = -fy 
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DIAGRAM No. 35. 

The Toerk Water Motor, and Governor for Jet Motors, 





TABLE No. 40. 
Showing the proper working speed of Tuerk's High Pressure Motors in various pr» 
Kiirt-s from 10 to 130 lbs. per square inch. (The meaning of working pressure is actual 
pressure at thp Motor when laboring at its full capacity.) (For No. 8 to No. || Motors.) 
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TABLE No. 41. 

OF MECHANICAL VENTILATION BY WATER POWER. 
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In looking at the conditions of warming and ventilating school and 
other public buildings to-day, and comparing it with the condition of 
the same buildings even three or four years ago, much progress may be 
noted. Still the advance does not seem at all commensurate with the 
great need and imperative demand for pure air, or with the efforts that 
have been put forth to secure it. 

An examination of the last two reports of the Massachusetts District 
Police shows that the public sentiment in this State, at least, has pro- 
gressed far enough to pass strong and comprehensive laws, and that 
there has been faithful and efficient work by an intelligent board of 
inspectors, in carrying out, not only the bare letter of the law, but in 
giving much personal attention to all efforts of those directly concerned 
in improvements, to secure better sanitary conditions in public 
buildings. 

While we have given in Chapter XXVII. much space and time to the 
work of this sanitary board, and to the demands of this class of work, 
we deem it of interest to refer briefly to this last report of Chief Wade 
(1889, 1890), and to the several methods which he notices as examples 
of improved ventilation. 

The Jacketed Stove. — This method of securing a pure-air supply to 
small and isolated schoolrooms is hardly new, it having probably origi- 
nated with Henry Kuttan, and was used by the first Rut-tan Company, 
as may be seen by an examination of their early catalogues. If the 
Secretary of the State Board of Health has just heard of it, and had it 
adopted for the Red Rock Schoolhouse at Lynn, it shows how slowly 
information is disseminated in this particular line of work. 

That this is an improvement over stoves without jackets, or an out- 
side air supply, should not need argument or cuts to illustrate. The 
weak point in any such air supply, dependent on the heat of the stoves 
to get into the room, is apparent when we consider that in mild weather, 
and when little heat is wanted, no fresh air would enter. Certainly 
there should be no difficulty in setting two stoves serving only one 
i<oom, and operating them satisfactorily, as the report says, " after their 
working was fully understood." 

What is really of value in the data furnished and the illustrations is 
the actual amount of air that could be supplied in a certain time with 
so inexpensive and simple an arrangement. 

This is clearly due to a more rational and practical application of 
* fc ways and means " than to the class or kind of heater emploved. 
After describing the stoves as the Barstow " Puritan," No. 18, the 
report says : — 




W* 



" P^ach stov 



ik 



The Warming and Ventilation or Bi-ildixgs. 

" Each stove is encased in a galvanized iron jacket about six and one- 
half feet liigli, with a spreading Iwse. Air is admitted in the apBM 

between the stove and its jacket by an air l>ox nmning through the side 
wall, the opening for each stove having a sectional area of t'»ur and 
•mt-h<tl/ nqitare feet. 

" There are two extraction flues built in one stack at the rear of the 
building — one with a sectional area of 5.2 square feet for the upper 
room, and one with a sectional area of 4,1 square feet for the lower 
room. For heating the flues, one of D. W. Cushing's 'Ring ('\liinln ' 
stoves is set. The capacity of the lower room is 10,700 cubic feel ; 
that of the upper, 1 "2,040 cubic feet. 

"Measurements of the outflowing air have been made at various times ; 
these show an average for the lower room of 108,510 per hour, or about 
2,100 cubic feet to each pupil." This gives, as we see, a velocity at 
the extraction flue of 441 feet per minute, or 71 feet per second." 

These are substantially the areas of flues required by table No. 20. 
We are not told what the height of the extraction shaft was or tin- tUfr 
perature imparted to the air by the stoves in the vent flues. LuftfctM 
this, or the fuel consumed in the two duties — that of wanning and that 
of diwhuga of the vitiated air — wo can make no estimate o! tin 
expense in either case; reference to table No. affords, however, D 
key to the cost. 

The report next refers to the Smead system of warming and ventilat- 
ing. As we have already considered this system in Chapter XXI., 
page 375, we need not refer to it further, except to note that Iho meth- 
ods of the Fuller & Warren Company, of Troy, N. Y-, and the so-calh'd 
Mahoney-Sinith system of the same place are substantially Mpies of the 
Smead-Ruttan methods, including mixing dampers, dry closets, and 
jacketed stoves, as fully described and illustrated in their circulate of 
1885 and 1889, and with a completeness of detail thai OOghJ to prevent 
any other firm from writing their name over either the nathodl '" 
means of accomplishment. 

Certainly, so far as any hot-air furnace system of wanning can anxwer 
the demand of this difficult line of work, the Smead people have more 
to offer than any of those who claim to have improved on then RWtbodl 
or machines. 

As of interest to those who desire something aafi- anil Kwiitsry In tint 

furnace line, we may refer to the Hygit-aii Heater, and a DM Q n. 

desirable features by Professor H, H. WoodMdgl fjpMf 909A "I 
Report). Our review and illustration of this and other hot-air famMM 
may be found in Chapter XXI. 
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' I;. 'i uiiiin^' to tin reference* to methods of wanning 

show ili.' arrangi \ Seaborn 

and of ili.' W.ilk.'i A 1'iviit Manufacturing Company. Those «1<> not con- 
tain anything novel, in- that may be claimed as distinct i v.- ore) 
mon practice ami experimenta in thai thw. 

\ iteam boiler, lome indirect radiator stacks, with the usual cold-air 
supj.lv. and flues for the removal of the vitiated sir are Eaatnna Hut 
Bona Walker employed when the writer was in his service in 
1872-73. 

The fulditioii of a small coil of pipe in the top of the exhaust flue was 
ii-. il Hum years ago, and, so fur as it goes, is of value in assisting what 
is otherwise a weak system of gravity circulation. 

The mixing damper illustrated and marked * Patent applied for." is 
not new. It was utilized abont the year 1870, and may property 1* 
credited to Charles W. Newton. It bae been much used b 
Greene in government work, and many illustrations may fa 
it in the !>Hik •• Wanning itnd Ventilation," by Dr. John S. Hilling-.. 
published by The Sanitary Engineer, 1884. 

The weak points in the use of coils of steam pipe in the exit flues to 
increase the discharge of air are: First, in putting them at the t-p •■>' 
tl>,- fine, and teeond, in the very limited amount ■■/ turfttoe employed. 
Thai such heating nurfacefl to In- effective should be placed at the /••>!- 
torn "/ any exit flue, may be seen with the least effort ; since the value 
of any beat imparted to a vertical column of air is in proportion to its 
height or dietanee below the dxtcharge outlet. This is fully > . 
in Chapter XXVIII.. page 529: 

Of course, if the heating surface is placed at the bottom of a vent 
shaft, all vent Hues from stories above the first, must be brought down 
and entered below the surfaces intended to heat the air, and this H juri 
what nearly all practical furnace men do; they bring all their discharge 
flues down to the basement, ami enter the shaft at that point. 

The other error, as we have said, was in not using enough heating 
surface to raise the volume of the air in the flue to insure a nap 
ment. We have seen (table No. 24, page 581) that the 'tiffermm of 
temperature between the air outside and that in the flue mu-.i | 
60°, or that the air in the flue must he 50° or 60° hotter tht 
the room. To add this much beat to the air (table No. 25) requires one 
font of pipe surface to each 380 or 400 feet of air to be lifted an. I dis- 
charged per hour; anil to move 100,000 cubic feet of air per hour Eat ■ 
velocity of 4.2 to 5 feet per second) rt'omre* 203 square feet of 
face. Crediting a hot-air furnace plate with three times the value of :\ 
steam-pipe coil, there would l>e needed 87 square feet to effect the 
stated discharge of air. See page 565 and table No. 25. page 569. 

• Repnrt of Itufus R. Wade, 1870. 
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" During the past year a new and complete system of ventilation has 
been placed in the Brookline Town Hall, at a cost of #3.900, and 
electricity provided for lighting. In the main audience room 8 iidet 
ducts are provided for the admission of fresh warm air. Six have a 
register face 20 x 28 inches square ; 2 have a register face Hi x 27 inches 
square. For the exit of foul air there are 9 ducts provided — 4 on the 
base or floor line, with a register face 19 x 25 inches square : 2 in the 
gallery in the rear of the hall, each with a register face 20 x 28 inches 
square; 3 iu the ceiling, 5 feet 4 inches in diameter, each connecting 
with the air chainl*T by u 30-inch flue, with a damper in the flue above 
the register. The area of the liall is 288,020 cubic feet, with a seating 
capacity of 1,000 persons. The metal ducts from the hall, with those 
from other sections of the building, are connected with a Urge onamber 
in the attic, 11 feet 5 inches long, 10 feet wide, and 5 feet deep, through 
winch the air is exhausted from the hall by means of a fan, I) feet in 
diameter, of the A. Hun Berry pattern. This is operated by an eleetrje 
motor, belted to an Evans friction-cone pulley, regulated at the present 
time to run the fan 250 revolutions per niltate; and it can In- bq 
adjusted its to operate the fan at any speed desired within a reasonable 
number. All the machinery, together with the fan and air chamber, is 
suspended from the roof trusses, padded with rubber to deaden the 
sound, caused by the running of the motor and fan. 

■• I'LuU] the Irnse of Uie hall there are carried away 8,000 cubic feet of air 
per minute, or changing the atmosphere in the room about once in 30 
minutes; this without the use of ventilators in the ceiling. Should it 
become necessary to remove the air quicker, then these additional open- 
ings can he brought into use, and with a velocity of 800 feet pet 
minute, the fan will remove 17.000 cubic feet of air per minute. There 
is no reason why any person should complain of poor ventilation in this 
building, provided both heating and exhausting ducts are in use* 

•• Belmont Street Scwkm,, Wukcentku, Mash. — Is a 3 story and 
basement brick building, of 18 rooms; average attendance, 800. All of 
these rooms were connected to 1 foul-air shaft, 8 feet 1 inch x 7 feet 
B inches. The fan was an 8-foot Black man disk wheel, driven by I 
(J x 10 — tl horse-power steam engine (pressure (SO pounds). A test was 
made, November 20, in the above building, with the following nanus: 
Weather, During; trtmpnratnm outside, 50° ; temperature near fan iu 
foul-air shaft. ''■* ; velocity at foot of shaft, 700. showing 41.300 feet of 
air moved per minute. The average it'injK ralure in the rooms was TO*" 
amount nf air removed, 1,335 feet per minute, an average of _".< 
pupil. The temperature of the air entering room was 98°. Average 
of teste made for carbonic acid. OA in 10,000 parts." 

* Kendrlck Jtnabcre, own [actors. Brookline, Mm. 
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Heat: Its Science, Production, and Application. 

Clearly the whole value <if any heating or ventilating machine 
'I'l'ii'i- nil the kind, size, and general intelligence brought to hear on 
the apparatus. As m have already partly considered the furnace and 
homo boating qnertaoo in Chapter XXI. (pages 373 to 390), we do not 
follow it more at length hen, 

A i Aobb stove in a room without an air supply has been justly con- 
demned as an unsanitary means of heating ; this mainly for two reasons : 
The first is the high temperature of the heater, and the fact that it 
only warms the same air already in the room from day to day and 
week to week, so that finally the condition of impurity reached by such 
air renders it both disagreeable and dangerous to inhale. 

Still the close stove is not a worse device than the direct radiator, 
except so far as temperature is concerned; since the stove really does 
withdraw a certain and considerable amount of air from the room, an 
amount, as we know, equal to at least 150 cubic feet of air per pound of 
coal burned j and if but two pounds of coal were burned per hour, these 
300 cubic feet and the further amount that is drawn up the flue by the 
air-check damper, will suffice for the ordinary needs of one person. 

The direct radiator, as we know, performs its work by heating in the 
same way as the stove, but with lower temperature, minus the labor, 
dust, and annoyance of coal in the room. 

In this connection it may be well to note, that in other places besides 
dwellings it is common to employ direct radiators, and it may also be 
desirable to obtain an outside air supply. 

Sometimes this is done by placing the radiators at the window and 
admitting the air behind them, as shown on page 363. Another, and 
wo consider the best, way to secure a liberal amount of pure air in con- 
nection with direct radiation is illustrated in Chapter XXIII., page 31.5. 
Here the radiator is circular, and, the base being hollow, will admit a 
pipe 12 Inches in diameter; the tubes forming the screen around the 
pipe and damper ; this is idso the cheapest way to secure a pure supply 
of outside air to large rooms and halls. 

The gain really found in steam or water heating is in placing the 
radiation in chambers in the basement, and connecting them with the 
rooms and the outside air, by which mean* heat and a constant supply of 
pure air are secured. 

Enough has already been said concerning the evils of heating the air 
of a room without provision being made for frequently changing it, it 
need* only to be noted here, that nothing is more certain to produce these 
evils t/ian direct radiation when used as the only means of heitliu-i. 

This must not be considered an argument against direct radiation in 
itself, but by itself; indeed, it should form a part of all steam heating. 
It is here condemned only when U$ed exclusively. 
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CARE OF IMPROVED HEATING APPARATUS. 

*"Tlie selection of si janitor for school buildings, under an im- 
proved system of heating anil ventilation, should lie a more important 
matter for consideration than in the past. The janitor should Dot U' a 
mere drudge or common laborer, but in some sense a man of education 
in concerns which affect the welfare of the children, relative to their 
health, and that of the teaehers. To have the school building well 
heated and ventilated, he should not merely make up and set his fires 
and apparatus in order, and go off and leave them for any considerable 
time, as, in some instances, taking care of two or more school houses ; 
hut he should be present during sessions, to see that everything is 
safe and in good working order. His position should he little less 
than that of an engineer ; and the consequence of his neglect may be 
much more disastrous than that of a careless and bungling engineer. 
In the faithful discharge of his duties he will find much to do, especially 
in the large school buildings. In the experience of every housekeeper, 
it is found that there may be a great saving of fuel by a constant atten- 
tion and care of the fires; so, in the large consumption required in 
school buildings, the janitor may save an equivalent equal to the 
necessary increase of salary where more ability and time are among the 
requisites of the position. 

■'The additional duties imposed upon him cannot be expected to ba 
performed by one who is anxious to lighten his labors and go abooj 
some other business, nor by one who takes no other interest in his 
business than merely to draw his salary. One of the duties, as specified 
in tlie rule of a school committee, is ; That the janitor shall inspect all 
the apartments and out-buildings, with their surroundings, at least once 
daily, and he shall be held responsible for their cleanliness at all times ; 
likewise, he shall, in conjunction with the teacher, investigate all abuses 
of sanitary accommodations, and report the same to the committee. 

" It is believed that a janitor should be able to pass an examination at 
to his fitness to manage the improved appliances in heating and ventila- 
tion. An excellent method has recently been adopted in the town of 
Peabody, under the direction of the Chairman of the School < 'nunnitlce. 
A meeting was recently held of all the school teachers in (hat Inwn 
with the janitors and the School Committee, in which the suhjeet <if 
ventilation was thoroughly discussed, and with good results." 

It nliould lie remembered and inipretied on the manayrn ",f puMfe in*titutUnt*. "'"' 
every nynttin of heating and ventilating ttpparatiw require* e.onttaid cure a* to it' t tm Ut 
HMO, efficiency, and adjustment to the demand* of the teuton and tlir hour, to pfodfel I Ml 
beitreintts, and that the mutt >raftrfut(tf nil isii-,id;tm- /■■ to /ir-ridi tin ... 
easily appariitim, and then intrUft if to the • on: of on lyunrttiit w niir/u. , 
the ground that he is *oi„iholy'x " nrpheir," or in "on or! if imtitifim,.'' 

• Ruf u* a. Wade's Rrport of ISOO. 



J&l 



590 

to 

( p Heat: Its Science, Production, and Application. 





"The requirements of good ventilation and heating being understood, 
the best method or arrangement for carrying out such requirements 
present** itself. This will be found to be the stumbling block oyer 
which many an engineer and architect has tripped. Natural agencies, 
as apj>arently the least expensive, have usually been first called upon to 
produce currents and move such volumes of air as might be required. 

4fc But it will l>e admitted and shown that all systems of 4 natural ven- 
tilation ' have proved themselves inadequate to fulfill modern require- 
ments. A dei>endence on windows and doors for ventilation cannot 
with propriety be ealled a system of ventilation; for the supply is 
ordinarily spasmodic, and without question disagreeable, except in so 
far as a cold draught of fresh air from an open window may be prefer- 
able to the vitiated and odorous air of a confined apartment. Excellent 
results may continue for a number of days during the employment of a 
method of ventilation dej>endent on natural agencies ; but a change in 
the temperature or humidity, or in the direction and force of the wind, 
may exactly reverse the action of the system. Flues which were 
designed to furnish fresh air, will be found to be actionless, while exit 
flues may Ihj bringing foul air from other rooms. So, too, although to a 
lesser degree, in the case of currents induced by heated surfaces, steam, 
or air jets. Above all, these latter experiments will be found to be very 
expensive when the power required to develop this movement is taken 
into account. All such systems are entirely unequal to the task of sup- 
plying air in such quantity as has l>een shown to be required/" 

There arc some good systems of natural ventilation now in use, or a 
movement of air caused by heat, the inventors of which deserve credit 
for good work toward solving the great problem of wanning and venti- 
lating. But the efficiency of none of these systems is commensurate 
with the claims of the designers. 

It has already l>een explained how heating and ventilating are antago- 
nistic processes, ventilation l>eing always at the expense of heat. In any 
method of heating, ventilation must be provided for and arranged as an 
accessory to the heating. No heating apparatus is in itself a ventilator. 
Good ventilation is possible with any system of heating, as no ventila- 
tion at all frequently accompanies good methods of heating, when in 
themselves considered. 

That poorly ventilated schoolhouses are sometimes heated by steam, 
is no argument against steam as a method of warming; nor does it prove 
that good ventilation is not possible with steam heating. 

Although fully explained in former pages, it may here be restated that 
there is a most marked saving in heating surface when a system of 
indirect radiation is used in connection with a fan in place of the 
ordinary method of construction. 
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THE DESIGNING OF HEATING AND VENTILATING SYSTEMS. 

The problems connected with ventilating buildings are as many as the 
numbers of the buildings. Each house lias its peculiarities. There is no 
way of applying a given "system" to all BUM without modification. 

It is a difficult undertaking to design and carry out ft complete BJStazu 

of ventilation and heating without extended experience. The state of 
the art at the present time is fairly well understood in theory, but very 
poorly carried out in practice, and many failures are registered against 
mechanical ventilation. Thin is the natural result of the attempts 
made by inexperienced builders and contractors to apply the established 
principles of ventilation and beating without regard to the modifying 
influences that entirely determine the efficiency of any system. The 
principles are correct enough, but failure results from a misapprehension 
ami misapplication of them. 

It does not matter what system of ventilation is pro[x)sed, the same 
difficulty presents itself; namely, the proper size and location of the 
shafts and power to render them operative. When the architects recog- 
nize the fact that proper ventilation must be provided for as fully and 
as well as for water, heat, and liyht* the greatest difficulty will have Wen 
overcome. Then with intelligent cooperation on the part of the owner, 
the architect, and the ventilating engineer, a perfect system of air sup- 
ply and removal will be the result. 

It must not l>e forgotten that ventilation is a science — -a science of 
designing and applying means that shall, under various conditions, 
always secure a proper inflow of pure air and expulsion of foul air, so 
nicely equalized as to be free from anything detrimental to health. 

A ventilating engineer who claims to be an expert, should lie able by 
bin system, or apparatus, to handle the air in given quantities; to Bay 
positively he will bring into u room so many cubic feet of air per min- 
ute. In order to do this, he must determine carefully the B1M of (lie 
fresh-air inlet and the Foul-air outlet, to attain the desired end. He 
must not rely on accidental differences of weight between inside and 
outsidr atmosphere to produce movement of the air. There most be little 
of a theoretical nature about his calculations. 

If mi architect, engineer, or any other person make* plana mul Hperijii-ii- 
tJSM for the detail I of heating and ventilating apparatus, and rm-iven pay 
fvr such serei'-r, the adequacy and efficiency of Hindi plane ih'Hild h.- guar* 
anteed by the party making t/ieni, mid /;-■ should he held renwui&U to 
those who employed him. That thi$ in the right view, U teen "nd appliti 
where a ecutraetor executes any detail of work prescribed hy an architect ; 
the well-man eanin.it he hdd renptmsiMe for only the proper iifrhmtintt 
mention of the plan which the architect has made. 
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FIGURE No. 27. 

Apparatus for Heating, Cooling, and Moistening Air. 

For use in Ho-ipital. Wards or Single and Private Rooms. 

Willi t his portable appanttu any desired 

condition tn id tu nt rif .in- call !»■ obtained, 

.: distance bona the Booiee .if ln-.u, 
iir ,i water store bed and the 

01 Dm' condition! secured in an) building or 
room, tu pooling the air, (he water &hI 

moves the f^in is discharged lir.-t through tin 1 

radiator, then on to the perforated plate, I'. 

A. All f r..ii. full. 






In lidding moisture to the air, either with or without heating, tlie 
water [nun motor is discharged into pipe, T, and through plate, 1*. t" 
drain or to a tank for supplying water eloaett or urin&ta. 

Uy constructing a few chambers in hospitals, the quality of the nil 
that pasties the xone of respiration might In 1 entirely under control, 
medicated, heated, dried, moistened, cooled, and applied in any <[ nam it v. 
us ei re u instances might dictate, anil a more specific power would !*■ 
obtained, capable of being applied advantageously to many cases of 
disease. 

The whole apparatus, Iteing of galvanized iron, may be placed any- 
where, even in the rooms to V warmed or cooled. 

A very desirable arrangement for dining-rooms in warm weather is to 
receive cool air instead of warm. 
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Page 303, on twelfth line; for 20,000 to 30,000 heat units read 2,000 to 3,000, as prop, 
erly stated in the two following lines. 
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CONTENTS OF THE THIRD VOLUME, OR HAND-BOOK. 

On account of the laige size and weight of the books, and the fact that the tables 
and diagrams relating to the same subject are necessarily separated, some in one vol- 
ume and some in the other, it Ins been decided to gather all the tables, diagrams, and 
other key pages, and bind tliem in :i sninll volume, which may be rolled and carried 
in the pocket, thus placing the practical results of experiments and tables deduced 
therefrom in a connected and compact form. 

These tables and diagrams are as follows: — 

From Volume I.: 15 tables, 4 diagrams, plates, and 20 explanatory and miscel- 
laneous pages = 45 pages. 

From Volume II. : 35 tables, 20 diagrams, 5 plates, and 25 explanatory pages, being 
85 pages, or a total of 130 pages for the I land-Book. 

Note. — For the further convenience of reader* not connected with the manufacture or 
erection of heatiny apparatus, the ttco main volumes will be furnished in one tandiny as a 
Library Edition. The other, or Trade Edition, will be in two books, besides the Hand- 
Book above described. 
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for sale in Canada 
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MONTREAL, AND 
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THE BOX BOARD RADIATOR. 



MAIN OFFICE, 183 FRANKLIN STREET, BOSTON, MASS. 

works at east boston, mass. 

New York Office, - - 88 John Street. 



PLANS 

specifications 

For warming large and small 
buildings prepared br experi- 
enced engineers, and results 
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PORTLAND, OREGON, W. GARDNER 1 CO., 134 3d Strati. COVINGTON, KI„ j, L. FRISBIE, 626 Phltidalshli SUnt. 
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FALLS CITY PLUMBING AND HEATING CO | Brimhim Hiosfant. (irl'i Court, S. 0. 
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A. H. G. HARDWiCKE. 



fiardwigke & Vare, 

* MACHINISTS, ETC.* 
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Boilers tor Water Heating, 

RADIATOR VALVES, AIR VALVES, STEAM TRAPS, 
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WBRiniNB BUILDINGS BY STEWII OR WATER. 

OIL AND SALT WELL SUPPLIES. 



READING IRON VORKS, 

Wrought Iron Pipe, Boiler Tubes, etc. 
CHAPMAN VALVE COMPANY, 

STRAIGHTWAY VALVES FOR 

Steam, Water, Oil, Ammonia, and other gases. 

THE WALWORTH MANUFACTURING CO., 

Fittings, Valves, etc. 



5 1? 300 WASHINGTON STREET, 

BUFFALO, N. Y. 
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ALBERT B. FRANKLIN, 



STEAM AND WATER 



Warmings Ventilating Apparatus 

SELLING AGENT FOR l 

GOliD'S imPROVED BOlLiERS, 

MlUliS SAFETY SECTIONAIl BOILlERS, 

THE "PERFECT" HOT UJATER HEATERS, 
REED'S RADIATORS, UNION RADIATORS, 

THE ROYALi UNION LUATER RADIATOR, 

OOIiD'S PIN INDIRECT RADIATORS. 



In apparatus for warming and ventilating public 
bulldint/s, we employ the MILLS FAS and ny&tem 
of mechanical propulsion by WATER MOTORS. 

Operation Guaranteed. Correspondence Solicited. 



No. 228 Franklin Street, 
Telephone 2466. BOSTON, MASS. 




H. M. PHILLIPS. Treaouror. 



O. P. ADAMS. Secretary. 



THE PHILLIPS ITlflNUFflGTURIHG GOUIPflHY, 
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Steam and Water Heating Apparatus 



Shnithry Plumbing. 



Automatic Fire Extinrjuistting Apparatus 



MILLS, FACTORIES, WAREHOUSES, Etc. 



DEALERS IN 



Steam ana" Gas Fitters' and Plumpers' materials. 



The preparation of Plans, Specifications, and Estimates for Heating and 

Ventilating by Water or Steam, Public Buildings, Business Blocks, 

and Residences, by skillful workmen, under the supervision 

of an experienced engineer, Specialties, to which 

the attention of Architects and Bui/ding 

Committees is invited. 

Nos. 35 and 37 liyman Street, 

SPRINGFIELD, MASS. 
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Middlesex Machine Company, 

CONSTRUCTING ENGINEERS 

AND CONTRACTORS FOR 

HEATINGMiVENTILATING APPARATUS, 

-MAKING A SPECIALTY OF 

Hot Water Heating and Mechanical Ventilation, 



IN WHICH WE EMPLOY 



THE MILLS CENTRIFUGAL FAN 



TUERK WATER MOTOR. 



The Economical Arrangement of Steam Plants. 

Ventilation by Exhaust and Plenum Systems. 



PLANS, ESTIMATES, AND SUPERINTENDENCE FURNISHED. 
CORRESPONDENCE SOLICITED. 



Send for our Ptefertmces and Testimonials. 



Telephone. 



bOWELiLt, MASS. 



IT 
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GR0SBY 

Steam Gage and Valve Co. 

Cai 'ital $100,000. 



she nanKTon aw ■mhihctvmiis of 

THE CROSBY 

Steam Pressure Gage, Pop Safety Valve, Water Relief Valve, 
Safe Water Gage, and Steam Engine Indicator. 



SINGLE BELL CHIME WHISTLE, VICTORY STEAM CYLINDER LUBRICATOR, 
PATENT GAOE TESTING APPARATUS. 



Original Bourbon Pressure and Vacuum Gages, Hydrostatic Gages, Test Gages, 
Revolution Counters, Marine Clocks, Test Pumps, Water Gages, Gage 

Cocks, Steam Whistles. Pyrometers, Mufflers, Salinometers. 

Thermometers, Planimeteru, etc., etc., and all Instruments incidental to 

the use of Steam Engines, Boilers, etc. 

Selling Agents for CUARK'S lilflEN FIRE HOSE. 

SOLE IMPORTERS I 



•' INVINCIBLE SCOTCH GLASS TUBE::. 
i i'. s. Aowm FQjt 



GILBERT-MARTIN'S PAT. REE REFLECTING GLASS TUBES. 
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Branches: 66 JOHN STREET, NEW YORK, 

75 QUEEN VICTORIA STREET. LONDON, ENGLAND. 
Address alt Communications to Principal Office, 

93 OLIVER ST., BOSTON, ]Vt^\SS. 



THE H. B. SniTH G9. 

Westtielb. ABass. 



MANUFACTURERS OF 



BOILERS m RADIATORS 



"MILLS'" PATENT SAFETY STEAM GENERATOR FOR POWER ( 

"MILLS'" PATENT PORTABLE HIGH PRESSURE WATER BOILER. 
"MERCERS" IMPROVED SECTIONAL BOILER. 
"GOLD'S" IMPROVED PATENT SECTIONAL LOW PRESSURE BOILER. 

"0. K." CAST IRON SAFETY STEAM BOILER. 

DIRECT R0DI0TORS. 

"REED'S" IMPROVED CAST IRON STEAM RADIATOR. 
"ROYAL" UNION RA01AT0R For Steam or "Water Circulation. 
"WHITTIER'S" EXTENDED SURFACE CAST IRON RADIATOR. Sleam or Water. 

Gold's Pin Indirect 

Radiators 

BRECKENRIDGE'S AUTOMATIC AIR VALVES. 



REGULAR PATTERN FOR STEAM. 
REGULAR PATTERN FOR WATER. 
UTiCA PATTERN. 
CONNECTED R. AND L. NIPPLES. 



BRANCH OFFICES: 

NEW YORK 137 Centre Street. 

PROVIDENCE. R. I O Custom House Str^t. 

NEW HAVEN. Conn 133 Union Street. 

PHILADELPHIA. Pa. - SIO Arch Street.. 
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To Steam and Water Heating Engineers. 




In presenting the Steam Specialties now in use throughout the 
l/nited States and Europe, the firm of Fairbanks & Co. do so with the 
confidence that quality, durability, and merit will meet with your 
approval and that of the trade. 

The Improved Fairbanks Renewable Asbestos Seat Gate Valve is 
the latest specialty placed on the market by this house ; and, from the 
many severe trials given it, together with the time spent in overcoming 
the defects found in the gate valves now in use, we not only expect, 
but feel confident, that it cannot but meet with approval. They are 
made of l>oth brass and iron in many different styles, and we trust in a 
short time to Ik? ready to furnish a full line of Water Gates. 

The Asliestos Packed Cocks, of both brass and iron, are now in use 
in the largest plants in this country on steam, water, gas, air, ammonia, 
alkalies, superheated steam, etc. The Renewable Asbestos Disc Brass 
and Iron Body Glol>e Valves are most higldy commended by all who 
have used them as a most reliable valve. Their merits are many, and 
the advantages claimed can be seen at a glance. 

The Brass and Iron Body Straightway Check Valve, w r ith its many 
combinations, is also a well-known valve. As a check valve it has a 
larger sale than any swinging check valve on the market. 

The Hancock Inspirator, now known and in use all over the world. 
is another specialty handled, of which 100,000 machines have been 
sold. This machine is acknowledged by all as a most reliable boiler 
feeder, and can justly lay claim to being simple in its construction, 
easily understood, durable in wear, and efficient in work. Two styles 
are manufactured; namely, stationary and locomotive. 

The Pratt's Patent Return Steam Trap is still another specialty in 
great demand as a positive return trap of condensation. 

We are also manufacturing a full line of automatic water eraujjes, 
brass asbestos packed gauge cocks and water gauges, asbestos packed 
ammonia gauges, etc. 

We respectfully solicit a trial of the al>ove specialties, feeling assured 
that they will give the utmost satisfaction. Catalogues and price lists 
furnished on application to 

FAIRBANKS & CO., 

311 Broadway, New York, N. Y. 

Faiiuianks, Brown & Co., s:I Milk St., Boston. Mass. 
Wksterx Vai.vk Co.. U'*\ Lake St.. Chicago, 111. 

Agents for J. II. Mills' publication on Unit: If* Scicnre, Production, ami Application. 
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FAIRBANKS & G0. 




Renewable 
Brass 





Asbestos Disc 
Globe 



Angle Valves. 






SPECIALTIES. 
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ItitAM ami Iron Body. 
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ISAAC D. SMEAD & CO., 

U/armit^ ai)d l/ei?tilati[)$ F^iijeer;, 

(RUTTAN-SMEAD SYSTEM) 

Toledo, Ohio, and ICajvsas Citt, Mo. 



WarmingiVentilating Apparatus 



SMEAD & NORTHCOTT, 

ELMIRA, H. Y. 

SMEAD, WILLIS & CO., 

PHILADELPHIA, PA. 

SMEAD, DOWD & CO., 

TORONTO, CANADA. 

SMEAD WARMING AND VENTILATING CO., 

BOSTON, MASS. 



The lithographs show the furnaces and methods employed 
by these Companies. For description of system and results 
claimed, see pages 376 to 382 and 585 of Vol. II. 

SEND TO TOLEDO. OHIO, FDR ILLUSTRATED CIRCULAR OF 1888. 

NOTICE. — The only parties in the United States in any way i nterested in tbe 
" Ruttan System '" of warming andventilating. or in any improvements on ihe same. 
are the firms whose names appear above, and any others representing to introduce 
the " Ruttan " or " Ruttan-Smcad," are imitators. 
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WARMING BY AN OPEN FIRE. 

Direct Radiation- {Exthumfy.) — Fttt cold and ktad too hot. 



' AND FOUL AIR. 



=^ 
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TUls Lltbonraph Is made to illustrate 

ISAAC D. SMEAD'S 

System or Continuous Ventilation 
In tie South Street School BullaTnu, 

TOLEDO, OHIO. 



Note.— Tbis is always used in all our school work, is pro 
tecled by patent granted Isaac D. Smead. 




SECTION. LINE B. B. SHOWING COLD AIR ROOM, 
FURNACE, AND MW» kW VVWL. 



!•'" LIBRARY. 
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water, an'l giving OH Intern 

tlOD III I hi- bllil.il Llg. 

otb. its deflect** u suuionar: 
positlvHy distribute* the "Water i 
in nil lUri'vifinidf 




Walworth Manufacturing Companij, 

16 OLIVER STREET, BOSTON, MASS. 



Tin U'tHKivr, ant- Ventilation* or Bin t 
F1GURE Ho. 16. 

IMPROVED MANIFOLD AND VALVE 

For Pipe Circulations and Coils. 



HAT BE UBEU IN EITHER STEAM OB WATER HEATING. 
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